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A Comparison Between the PLM and the MC68020 as 
Prolog Processors 

1. Introduction. 

1.1. Overview. 

Yale N. Pott ond Chien Cllen 

Computer Science Division 
University or California, Berkeley. 

Berkeley, CA Q4720 

This study continues along the same vein as the •ork reported by Mulder and Tick 

IJ], "·hich compared the relative performance of the general pur~ose MC68020 available 

from Motorola and the special purpose PLM developed at U.C. Berkele~· 12.3]. "·ith 

respect to the execution of Prolog programs. Both engines are based on the 'Warren 

Abstract Machine; the PLM directly executes \\'AM constructs and the MC68020 exe-

cutes a 68020 image that was generated by macroexpanding each WAM construct. 

The study reported here compares a more recent Prolog proressor. the Berkele)· 

VLSI-PLM "'ith the ~fotorola MC68020 across fourteen Prolog benchmarks. Comparis­

ons "·ere made for 10 ~1Hz. and 16.7 MHz. versions of the \'LSI-PU.t on the one hand. 

,·ersus 10 MHz., 12 MHz., 16.7 MHz., 25 MHz, 30 MHz., and 40 MHz. Hrsions of the 

MC68020. The compari~ons reflect the timing information 1n the MC'68020 t:ser's 

Manual 14! "·hirh identifies three levels or performance, depending on whether instrur-

tions can overlap their execution, whether instrurtion accesses bit in the s,mall on-rhip 

instructioo cache, or neither. 
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1.2. Objectives. 

We have performed this study for several reasons. First, our long-term objectives 

are to understand the relative performance opportunities as well as the relative 

cost/performance benefits associated with various implementations of Prolog. Toward 

that end, a natural experiment is to compare a tailored special purpose Prolog processor 

to an off-the-shelf general purpose part. 

Second, the recent study referred to above [I], which compared the Berkeley PLM 

and the general purpose MC68020, raised certain concerns which have compelled us to 

continue this comparison. For example, Mulder and Tick relied on a significanc-e method 

for comparing performance. We felt that the additional work encountered in translating 

all 45 PLM constructs to MC68020 machine instructions, rather than the fourteen they 

translated, would produce more meaningful results. Also, their comparison involHd only 

three benchmarks. \\'e felt that the comparison would be improved if the benchmark set 

"·ere expanded. While we still need to work on developing a proper set of benr bmarks, 

we did expand the set used from three to fourteen. Most important, Mulder and Tirk 

relied on their Lcode arc-hitecture model and their extensions to the Berkeley PLM com­

piler for obtaining measurements for the Berkeley PLM. In the case of the arrhitert ure 

model, there are substantial differenc-es between the Lrode arrhiterture and the PUv1. In 

the case of the compiler, the techniques used in some instances were quite different. Since 

we have available the Berkeley PLM compiler [5] and the various Berkeley PL~1 simula­

tors [6,7], we were able to more accurately simulate the benchmark set on our special 

purpose processors. 

Finally, our research 1n Prolog microarcbitecture bas reached the point where we 

have designed our first single chip implementation, the VLSI-PLM,· and it seems 

appropriate to compare its performance with that of a single chip general purpose pro-

cessor. 
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1.3. Organisation of tbia report. 

This report is organized into five sections and two appendices. Section 2 describes 

the mapping between the requirements of the Warren Abstract Machine and its imple­

mentation with the MC68020. Our mapping is slightly different from the one given in 

(1). Section 3 describes the methodology used to compare the two implementations, and 

reports the results of the comparison. Various problems endemic to this comparison 

method are discussed. In section 4, we analyze these results and offer a num her of obser­

vations. In section 5, we summarize the results of this study. Appendix A contains the 

MC68020 machine language emulation for each of the 45 PLM instructions, alon1, v•ith 

the corresponding timing information. Appendix B contains the five tables which report 

the detailed comparison data described in Section 3. 

2. Mapping the Warren Abstract Machine onto the MC68020. 

Before v;e could execute WAM code on the MC68020, we needed to identify each of 

the abstract WAM instructions in the context of real MC68020 instruC'tions. We per­

formed this mapping 11·ith the goal of making the MC68020 an effective Prolog proC'essor. 

removing unnecessar~· bottlenecks where they presented themselves. 

Figure 1 sho11·s the mapping of the WAM register5 into the MC680:20. SinC'e the 

number of programmer '·isible regi!lters in the PLM is more than that available in the 

MC68020, 11·e weTe forced to put some PLM registers into memory for the MC680:20. 

Because the MC68020 requires at least three cycles for a memory acC'ess, 11·e tried to 

assign the least frequently used registe~ to memory. \\'e also eliminated some PLM 

registers by slightly changing the WAM definition, if this were ad,· ant ageous to the 

MC68020. These changes are listed below in detail. 

1. We eliminat~d the HB register, since the net effect of keeping it in memory would 

han been the same as accessing it through the B register, w hie' h points to the 

choice point frame containing HB. 

2. According to both Dobry I6J and Mulder and Tick [1], the gaJD obtained from 

environment trimming is negligible. The execution model in [1] does not implement 
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it; we decided not to implement it either.t In order to achieve this, we changed the 

semantics of the allocate instruction so that it bas an argument indicating how 

much space is to be allocated for the environment. In addition, this eliminated the 

need for the N register which contained the number of permanent variables needed 

after returning from a call. We also changed the addressing mechanism for the per-

manent variables to a negative offset from the environment pointer instead of a 

positive offset. The semantics of allocate N require that the top of the stack be 

incremented by N with the top four locations dedicated for E, CP, B and cut-Bag. 

Permanent variables are located below these four locations. Note that the variable 

num her starts at Y 4 instead of YO. 

3. We assigned separate unify instructions for read and write modes. This eliminated 

the need for a register and a comparison at run time to test the mode. This tech­

nique is based on the fact that once unification proceeds in the write mode, the fol-

lowing unifications are all in the write mode. This required some changes in the 

compiler, but 'H feel the changes are minor and will not result in a significantly 

larger code size. 

4 Vve used the two least significant bits in a data word as the primar:y tag to distin-

guish among reference, constant, list and structure; see figure 2. The next two 

least significant bits are used as the secondary tag to distinguish between integer, 

atom, and other data types. Note we have used a tagging scheme different from 

the one used for the PLM in order to speed up tests for integers and dereferencing. 

We used the most significant bit as the cdr bit for cdr-compressed list representa-

tion. 

t By eliminating environment trimming, we improve the performance or the MC680:?0. However, 

this improvement represents a savinr;s or fewer than I% or the tot.&) cycles needed to execute the 

benchmarks. 
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3. Experimental MethodoiOJ)'• 

3.1. Buic Mea1urementa. 

Our objective was to compare the performance of a special purpose processor (the 

VLSI-PLM) with that of a general purpose processor (MC68020) on a set of Prolog 

benchmarks. First, using our Prolog compiler [5], we compiled all benchmarks into 

modified WAM (i.e., PLM) code. For the MC68020, we then macro-expanded all PLM 

instructions and escapes into MC68020 machine code. We attempted only limited 

optimitation for the resulting 68020 instructions. For the \'LSI-PLM, PLM instructions 

execute direC'tly in mic-rocode, while those escapes needed by the benchmark!" (·with the 

eXC"eption of mod and div) generate call instructions to library routines 11·hich themselves 

are made up of VLSI-PLM instructions. 

We used the \'LSI-PLM simulator [7 ,8] to obtain the frequencies of each PLM 

instruction, as 11·ell as the frequencies of failure, dereference, trail, and decdr. For each 

PLM instruction, we also obtained the frequencies of different execution paths. 

\Ve used the Motorola VIer., Manual [4] to generate a timing table consisting or the 

number of MC68020 cycles required to execute each PLM instruction, according to best, 

cache and worst case situations for executing each MC68020 instruction. These three 

situations correspond, respectively, to whether both M C68020 instruction onrlap is pos­

sible and the instruction access bits in the 256 byte on-chip instruction caC'he, whether 

instruction overlap is not possible but the instruction access hits in the on-chip cache, or 

· 11·hether neither is possible. Appendix A contains this cycle count information. Since 

the execution time of some PLM instructions is very data dependent, 11·e also included 

separate entries for each subcase. 

To calculate the number of cycles th~ MC68020 would take to execute each bench­

mark program, we multiplied the occurrence of each PLM instruction by its correspond­

ing entry in the timing table. The number of cycles the VLSI-PLM would take to exe­

cute each benchmark was obtained by running the benchmark on the VLSI-PLM simula­

tor. 
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Table 1 (see Appendix B) reports the ratio of machine cycles required by the 

MC68020 and by the PLM to execute each of the fourteen benchmarks. Three entries 

are reported for each benchmark, reflecting the best case, cache case, and worst ca5e 

described above. We also included in Table 1, for comparison purposes, the cycle counts 

for the three benchmarks reported in [1]. 

To calculate execution times for the VLSI-PLM and for the MC68020 chip, we 

assumed cycle times as follows: For the VLSI-PLM, we assumed two clock rates, 10 MHz 

and 16.7 Mhz. For the MC68020, we assumed clock rates of 10 Mhz, 16.7 Mhz, 25 Mhz, 

30 Mhz and 40 Mhz. We assumed that the memory system could respond within one 

cycle for the PLM and within three cycles for the MC68020, since the MC68020 requires 

at least three cycles for a memory access. 

Table 2 shows the relative performance (i.e., the reciprocal of execution time) of the 

various frequency MC68020s, normalized to the 10 MHz PLM. Table 3 shows the 

equivalent relative performance of the various frequency MC68020s, normalized to the 

16.7 MHz PLM. Table 3 has been included in this report, because our current under­

standing of microarchit.ecture for Prolog (c.f., section 4.1) makes a 16.7 MHz PLM not a 

difficult challenge. 

3.2. Calibration. 

The calculations repbrted in Tables 2 and 3 describe nry different leYels of perfor­

mance for the MC68020, depending on which of the three cases (best, cache, or worst) 

we choose to believe is most nearly correct. To calibrate our calculated data, we ran 

several of the benchmarks on a SUN 3/260, operating essentially stand-alone, with a 

very large cache. Assuming a 100% cache hit ratio, and no wasted· cycles due to 

memory delays, the measured data on the SUN 3/260 should correspond very nearly to 

the calculated results. Table 4 reports the calculated cycles vs. the real cycles for six of 

the benchmarks. It appears that the real execution time is so mew here between the 

cache case and the worst case. 
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4. Analyaia of the Results, and some Obaervationa. 

4.1. MicroarchitecturM for Prolog. 

The VLSI-PLM represents one implementation 1n a sequence of designs, not the 

end result. That is, although the results of Tables 2 and 3 are quite respectable, it is 

important to keep in mind that the VLSI-PLM in no way sets a limit on the perfor­

mance that can be obtained with special purpose Prolog processors. 

Our first implementation, the Berkeley PLM, was designed in 1983 and 1984 [2,3]. 

As our work bas progressed, our understanding of Prolog bas increased. This increased 

understanding is reflected in the VLSI-PLM, for example, with respect to the execution 

of built-ins, that is, as library routines consisting of instructions from the base PLM 

machine. This technique, sometimes referred to as "millicode," is the mechanism Digital 

Equipment Corporation used to implement the full V A:x architecture on the micro\' AX 

II chip. 

Furthermore, already in the pipe IS one of our current designs, PUP (parallel 

unification of Prolog), which achieves (based on a full register transfer level simulator 

written in N2) about twice the performance of the VLSI-PLM by concurrently process­

ing WAM in!'tructions by means of multiple function units [9]. 

Finally, t11·o other things should improve the performance of a single chip Prolog 

processor relati,·e to a general purpose MC68020: tuning the \'LSI circuitry and tuning 

the microarchitecture. 'With respect to circuits, as advanced \'LSI technology becomes 

more readily available, the wide disparity bet11·een the degree to which one can tune a 

special purpose circuit and the degree to which one can tune a high performance general 

purpose part should diminish. With respect to microarcbitecture, the \'LSI-PLM has 

not yet been aggressinly pipelined. Continued attention to critical pat b design should 

produce an improved cycle time. The 16.7 MH1 clock suggested in Table 3 is a reflection 

of that. 
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•. 2. Degradation due to unoptimized MC68020 code. 

We were concerned, in fairness to advocates of off-the-shelf hardware, coupled usu­

ally with a reliance on optimizing compilers, that our MC68020 target machine code does 

in fact suffer from a fairly pedestrian hand-compilation from Prolog via WAM intermedi­

ate code. We see a developing industry, represented by Quintus and BIM, for example, 

which suggests that optimal execution of Prolog on off-the-shelf processors will have the 

advantage of heavily optimized compilations. 

To measure the degradation due to our straightforward macro expansion, we tested 

six of the benchmarks on our Tower workStation (a 16.7 MHz 68020). We compared the 

number of cycles required by our macroexpansion method with the number of cycles 

required by the Quintus system (release 1.5, running under UTS V). Table 4 shows the 

number of cycles required to execute each of six Prolog benchmarks by the two methods. 

Over the six benchmarks, the Quintus system outperformed the macroexpanded version 

on five of them. We are not drawing any strong conclusions on this little data other than 

to say that it appears our macroexpanded code does not seriously skew our comparisons. 

4.3. Code Explosion. 

Another concern that should not be minimized in any comparative study of special 

purpose vs. general purpose processors is the code explosion problem. In most cases, we 

have found that compiling to a lower level architectural interface results in a significant 

increase in the code size [10]. Table 5 shows the relative code sizes of the PLM and the 

macro expanded MC68020 over eight of the 14 benchmarks. This code explosion, more 

than 15 to 1 in many cases, does degrade performance with respect to memory 

bandwidth and cache hit ratio. The simplistic answer of a larger cache is unacceptable 

since it is a fact that larger caches are slower caches. Although the benchmarks of this 

study fit well within the limits of the cache, Prolog applications of the future will not be 

able to. 



' 

- g-

4.4. The Significance Method uaed by Mulder and Tick. 

We were concerned that the significance method used by Mulder and Tick could 

haYe created the appearance of convergence, when in reality, the "next" non­

implemented PLM construct would have .caused divergence. This certainly could have 

been the case. It turned out, however, that the results obtained by carrying out the 

macroexpansions for all 45 PLM constructs mirrored those obtained by stopping after 

the first 14. The first entries in Table 1 show the results for the benchmarks chat and 

boyer obtained via the significance method (Mulder-Tick) and via macroexpanding all 45 

constructs (Patt-Chen). The difference in the numbers reported in Table 1 are more 

likely to be due to differences between the two exection models (i.e., plml vs. VLSI­

PLM), rather than due to any differences resulting from the significance method. 

4.5. Best, Cache, and Worst Caeea. 

The Motorola Uaer •, Manual gives timing information for the following situations. 

The be1t case is when the instruction is in the on-chip instruction cache and maximum 

onrlap is acbie,·ed. The cache ca!e is w ben the instruction is in the cache but there is 

minimum onrlap between instructions. The worlf ca!e is when the instruction is not in 

the cache and there is no overlap between instructions. \Ve summed all cycles according 

to the three cases. For the best case, we can safely conclude that it is a very optimistic 

upper bound on performance, not something that is really acbie,·able. For example, the­

code sequence to macroexpand the switch_on_tag routine (reproduced as figure 3) which 

forms the core of the switch instructions yields a best case of eight cycles. Howe,·er, a 

small fine-tuned measurement demonstrated that it can not execute in less than 28 

cycles. 

More importantly, recall the data of Table 4. We conclude that the real perfor­

mance of the MC68020 is probably somewhere between the cache case and the worst 

case, rather than close to the best case. 



- 10-

4.6. Memory Cycle Differences. 

The basic memory access protocols for the MC68020 and the PLM are different. 

The PLM is designed with a cache system and a write buffer, enabling the memory sys­

tem to respond in one cycle. The MC68020, on the other hand, W!es at least 3 cycles for 

a memory access. This difference between memory access protocols for the MC68020 and 

the PLM is very important to the relative performance of the two machines for the fol­

lowing reason. First, since the MC68020 code sir.e is much greater, and its on-chip cache 

consists of only 256 bytes, it needs to make a lot more instruction fetches than the PLM. 

Also, like most AI software, Prolog programs tend to be memory intensive (i.e., more 

than three data accesses per PLM instruction is not uncommon). Both situations result 

in the MC68020 spending much more time in memory accesses due to its three-cycle pro­

tocol. 

4.1. Cdr-compressed List Representation. 

The use of cdr-compressed list representation bas received substantial treatment in 

the Prolog literature. The VLSI-PLM uses it and has hardware support for checking the 

cdr bit. The MC68020 has no such hardware support, and so incurs a penalty each time 

it needs to c bee k the cdr bit. Dobry [2] observed that lists tend to be non-contiguous 

after some manipulation. For such lists, the VLSI-PLM suffers little penalty compared 

with the cdr-compressed case. One can argue legitimately that the use of 

cdr-compressed lists unfairly penalir.es the MC68020. On the other hand, 

cdr-compressed lists save memory accesses, and as we have already discussed, this is a 

major bottleneck in MC68020 performance. On balance, the use of cdr-compressed lists 

probably hurts the MC68020, although how much so is not clear. The extra memory 

access is coupled with simpler (smaller in size and fewer branches) instructions. In this 

study, we elected to use the cdr-compressed list representation to maintain consistency 

across the Prolog benchmarks, although we recognir.e that by so doing, we may have 

penalir.ed the MC68020 unfairly - estimated to be as much as 10% in the case of the 

chat benchmark, around 5% in the case of boyer. 
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4.8. Hardware Support for Ta&•· 

The VLSI-PLM has an advantage over the MC68020 for instructions involving tag 

manipulation, for example, dereference and general unification. This is mainly due to 

three factors: (1) The PLM has a powerful multiway branch mechanism based on tags. 

(2) The PLM can do tag manipulation on programmer invisible registers. (3) The 

MC68020 suffers from the separation of its address and data registers, i.e., the data 

registers can not be used to address memory directly and the address registers can not 

be used for tag manipulation. 

However, the PLM does not have as great an advantage for instructions which do 

not require tag manipulation. These instructions include those which manipulate choice 

points, put instructions, and write-mode unification instructions. Unfortunately for the 

PLM, these instructions occur almost as frequently as those that require tag manipula­

tion. For example, for the relational operator built-ins, when the PLM has to go off-chip 

and it can not utilize its tag manipulation capability, the VLSI-PLM needs 54 cycles 

"·bile the MC68020 needs 17 cycles in the best case, 78 cycles in the cache case, and 99 

cycles in the worst case. At best, this produces a cycle count advantage for the VLSI­

PLM of 1.8 to 1. 

5. Concluding Remarka. 

This report has attempted to continue along the same vein as the work of Mulder 

and Tick [1} and further compare the performance of a special purpose processor and a 

general purpose processor with respect to the execution of Prolog benchmarks. For the 

general purpose processor, "·e continued with Mulder and Tick's choice of the MC68020. 

For the special purpose processor, we chose our most recent implementation, the VLSI­

PLM, which is currently in fabrication. 

A fair comparison is fraught with obstacles. There is no existing VLSI-PLM sys­

tem, so we can not simply run the benchmarks on both systems. On the otht-r hand, we 

do not have a comprebensh·e MC68020 simulator so we can not simply count sanitiz.t-d 

cycles in both cases. 



• 12 • 

Our method was to first compile Prolog benchmarks to modified WAM code. After 

that, in one case we executed the WAM code on the VLSI-PLM simulator provided by 

(7), and in the other case, macroexpanded the WAM code into MC68020 code and 

counted the number of cycles it would take to execute. To calibrate the 68020 calcula­

tions, six of the 14 benchmarks were executed on a very lightly loaded SUN 3/260 sys­

tem containing enough cache memory (64 KB) to reasonably guarantee there would be 

no wait states waiting for memory. 

Although several problems with this study exist, some general statements are possi­

ble as delineated in section 4. The most relevant performance figures are those con­

tained in Table 3, which assumes a 16.7 MHz VLSI-PLM. I( we assume approximately 

worst case 68020 behavior, suggested by Table 4, and a 30 MHz 68020, we see about a 

factor of between three and four in performance in favor of the VLSI-PLM. I( we add to 

this an ·improved VLSI technology implementation and the effects of significant code 

explosion (15 to 1 not uncommon, see Table 5), the performance ratio can be even 

greater. 
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Flaure 1. Regbter Mappln1 between PLM and MC&8020 

MC68020 Function PLM 

A2 Cho1ce Point Pointer B 

A3 Environment Po111ter E 

A4 He&p Po111ter H 

AS Structllre Pointer s 
A6 (MP) Memory St&te Overllow Pointer No PLM equinlence 

A7 Push-down List Po111ter PDL 

D2-D7 A11ument Register 0 to S AD-AS 

D2-D7 Tempor&ry Register 0 to S xo-xs 
Memory Yn_ofaet(E) Perm&llent V&n&ble 11 Yn 

Memory TR_ofset(MP) Top of Tr&il St&ck TR 

Memory CP _ofaet.(MP) Continnt&OII P0111ter CP 

Memory X6_ofset(MP) A11ument Register 6 A6 

Memory X7_ofset(MP) A11ument Register 7 A7 

Memory X6_ofaet(MP) Tempor&ry Register 6 A6 

Memory X7_ofset(MP) Tempor&ry Reg1!ter 7 A7 

memory CUT _ofset(MP) cut-hg cut in PLM 

memory H2_ofset(MP) For set/&ccess H2 

DO,Dl Scr&tch D&ta. Registers No PLM Equ&va.lenc:j 

AO,Al Scr&tch Address Registers No PLM Equ&va.lence 
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Fl&ure I. Data Eoeodln1 Format for MC&8010 

..... 
00 reference type 

data and &tag together lorm • a b. pointer 

01 Hat type 
data and &tag together lorm a :ze bll pointer 

1 0 constant type 
dale ia Interpreted according to stag 

11 structure type 

00 
10 ,, 

data and &tag together lorm a a bft pointer 

the data is an Integer 
the data is an atom 
the data ia neither an Integer nor an atom 

the data is cdr-compressed 

• I I 

l···'a 

0 
1 the data is not cdr-compressed. data and the &tag form a a bit pointer 
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Figure 3. •witch_ tag Macro and Tlmlng 

IWitcb.tag Dx 

iDput: Dx, Jumplist 

output: 
function: Dx should be derelerenc:ed. 

got.o &ppropri&t.e &ddress &ccordiDg t.o d&t&type or Dx 

lnst ruction best c&cbe worst 

switch_ tags: 

move& Dx,AO 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

&nd.w 'J¥3,Dx 0+0 (0/0/0) 2+2 (0/0/0) 3+3 (0/2/0) 

exg Dx,AO 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

move& Jumplist(PC,AO), AO 4 (1/0/0) II (1/0/0) 11 (1/2/0) 

jmp ( Jumplist,PC,AO) 1+3 (0/0/0) 4+& (0/0/0) 7+11 (0/2/0) 

Jump list: 

.lvu (00) 

_llist (01) 

_Icons! (10) 

_lstruct (11) 

cycles 8 (0) 27 (0) 36 (6) 
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Appendix A. Macroexpanded WAM Constructs and Timing Information. 

A.l Macro Expan1lon1 

tr&il Ox ,All 

iDput Ox - &ddre~s to be tailed with cdr-bit 

AJt - &ddress to be tr&iled w1th cdr-bit clcued 

output· 

temp· AO 

fUDctioD· Ox m&y hue cdr bit act, Both Ox ud All b&vc &ddreas to be 

trailed 

IDs I ructioD beat c&che worst 

I roil 

exr; Ox.Alt 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

cmp.l #st&c k b&sc,Ox 0+ 0 (0/0/0) 2+ 4 (0/0/0) 3+ b (0/2/0) 

bge 1 1/3 4/6 5/Q 

cmpl B,Ox 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

bit 4 1/3 4/6 bjQ 

bra 2 3 6 g 

I 
cmpl HOFF.SET(B),Ox 0+ 3 (1/0/0) 2+ b (1/0/0) 3+ 6 (I /2/0) 

bit 4 1/3 4/6 b/g 

2 
exg Alt,Ox 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

movea I TR(MF').AO 3 (1/0/0) 7 (1/0/0) Q(1/2/0) 

mon.l Ox,(AO) 3 (0/0/1) 4(0/0/1) 5 (0/1/1) 

~ubq #4,AO 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

move.) AO,TR(MP) 3 (0/0/1) 5 (0/0/1) 7 (0/1/1) 

4 

cycles Ox< HB 16 (4) 45 (4) 61 (18) 

HB < Ox < stackbue g (1) 27 (1) 38 (10) 

stackba..•e < Ox < B 14 (3) 44 (3) 60 (17) 

B < Dx 4 (0) 20 (0) 28 (7) 
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dereferen~ Dx 

input· Dx, SLref, SLnref 

output: Dx 

temps· AO 
function· dereference and branch accordinc to result 

lust ruction 

tlerefcrencc. 

bfut Dx j0,2) 3 (0/0/0) 6 (0/0/0) 7 (0/1 /0) 

bne SLnref 1/3 4/6 &/g 

1. 

bclr #cdr,Dx 1 (0/0/0) 4 (0/0/0) 6 (0/1/0) 

2: 

movea.l Dx,AO 0 (0/0/0) 2 (0/0/0) 3 (0/1 /0) 

move.! (AO),Dx 3 (1/0/0) 6 (1/0/0) 7 (1/1/0) 

bftst Dx j0,2) 3 (0/0/0) 6 (0/0/0) 7 (0/1 /0) 

bne SLnre! 1/3 4/6 &/g 

bclr #cdr,Dx I (0/0/0) 4 (0/0/0) & (0/1/0) 

bne 3 1/3 4/6 s;g 

cmp.l AO,Dx 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

beq SLref 1/3 4/6 &/g 

bn. 2 3 6 g 

3: 

cmpl AO,Dx 0 (0/0/0) 2 (0/0/0) 3 (0/1 /0) 

bne 2 1/3 4/6 s;g 

bset #cdr, DO 1 (0/0/0) 4 (0/0/0) s (0/1 /0) 

bn. SLref 3 6 g 

cycles Dx nref 6 (0) 12 (0) 16 (3) 

1 level to nref 14 (I) 34 (1) 43 (g) 

Dx ref s (0) 12 (0) 17 (S) 

uch level 12 (1) 34 (1) 44 (10) 

each cdr 2 (0) 2 (0) 4 (I) 

sw1tch_ta.r; Dx 

input Dx, Jumphst 

output 

function Dx should be dere!erenced 

goto appropriate address according to datatype of Dx 

-
Instruction beat cache worst 

swi tc h_tags 

move a Dx,AO 0 (0/0/0) 2 (0/0/0) 3 (0/1 /0) 

and.w #3,Dx 0+ 0 (0/0/0) 2+ 2 (0/0/0) 3+ 3 (0,'2/0) 

exg Dx,AO 0 (0/0/0) 2 (0/0/0) 3 (0/1 /0) 

movea Jumplist(PC,AO), AO 4 (I /0/0) 0 (1/0/0) 11 (1/2/0) 

jmp (Jumphst,PC,AO) I+ 3 (0/0/0) 4+ 6 (0/0/0) 7+ 6 (0/Z/0) 

Jumplisl. 

_Svar (00) 

_Siist (01) 

_Sconst (10) 

_Sstruct (11) 

cycles 8 (0) 27 (0) 36 (6) 
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dKdr 

i11pat· Dx,Ax SL.cdr_re£, SL.cdr_Dref, SL.othen 

oatpat: Dx,Ax 

fullctio11· Tr•c~ cdr point~r~ ~~:oto l•bel! •ccord1ngly 

IDstructioll b~st c•che wont 

d~cdr 

b£18t Dx !0.2j 3 (0/0/0) 6 (0/0/0) 7 (0/1/0) 

bDli SL.cdr_Dre£ 1/3 4/6 6/8 

1: 

bclr f!IO,Dx 1 (0/0/0) 4 (0/0/0) 6 (0/1/0) 

2: 

DlOVe&.l Dx,Ax 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

DlOve.l (Ax).Dx 3 (1/0/0) 6 (1/0/0) 7 (1/1/0) 

~~c~ 4 1/3 4/6 &(9 

brut Dx !0.2j 3 (o/0/0) 6 (0/0/0) 7 (0/1/0) 

bgt 1 1/3 4/6 &/8 

bDli SL.cdr_Drd 1/3 4/6 S/8 

bclr #cdr, Dx 1 (0/0/0) 4 (0/0/0) 6 (0/1/0) 

CDlp.l Ax,Dx 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

b11e 2 1/3 4/6 S/8 

br• SL.cdr_re£ 3 6 g 

4 

•ddql #4.Ax 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

bu SL.othm 3 6 8 

SL.cdr_re£. 

!!..others: 

SL.cdr _lire£ 

cycles to $!..others 2 (0) 8 (0) 12 (4) 

to SL.cdr_rd s (0) 28 (0) 35 (6) 

to SL.cdr_llref 6 (0) 14 (0) 17 (3) 

uch le'·~l 1~ (I) 28 (1) 36 (8) 
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Utilit1ee to teet data type 

input Dx, SLfalee 

output. 

faoctioo Tat for the data type 

if true, h.ll through, otberw1ee, braoce to SLfalee 

lostructioo best cache wont 

test_ref ereoce 

bftst Dx 10,2] s (0/0/0) 6 (0/0/0) 7 (0/1/0) 

boe SLfalse 1/3 lo/6 6/G 

cycle! true 4 (0) 10 (0) 12 (2) 

fa lee 6 (0) 12 (0) 16 (3) 

teet_list 

bftst Dx!0,2j 3 (0/0/0) 6 (0/0/0) 7 (0/1/0) 

ble SLfalse 1/3 4/6 6/G 

cycles true 4 (0) 10 (0) 12 (2) 

false 6 (0)· 12 (0) 16 (3) 

test_coost 

movea Dx,AO 0 (0/0/0) 2 (0/0/0) s (0/1/0) 

aod.b #3,Dx 0 (0/0/0) 4 (0/0/0) 6 (0/2/0) 

cmp.b #2.Dx 0 (0/0/0) 4 (0/0/0) 6 (0/2/0) 

exg AO,Dx 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

boe SLfalse 1/3 4/6 5/G 

cycles true 1 (o) 16 (0) 23 (7) 

false 3 (0) 18 (0) 27 (8) 

test_struct 

movea Dx.AO 0 (0/0/0) 2 (0/0/0) s (0/1/0) 

add.b #3,Dx 0 (0/0/0) 4 (0/0 /0) 6 (0/2/0) 

cmp.b #3,Dx 0 (0/0/0) 4 (0/0/0) 6 (0/2/0) 

exg AO,Dx 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

boe SLfalse 1/3 4/6 5/G 

cycle! true 1 (0) 16 (0) 23 (7) 

fal~t 3 (0) 18 (0) 27 (8) 

test_iot 

moYea Dx,AO 0 (0/0/0) 2 (0/0/0) s (0/1/0) 

aod b #7.Dx 0 (0/0/0) 4 (0/0/0) 6 (0/2/0) 

cmp b #2.Dx 0 (0/0/0) 4 (0/0/0) 6 (0/2/0) 

exg AO,Dx 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

boe SLfal~e I /3 4/6 6/Q 

cycles true 1 (0) 16 (0) 23 (7) 

false 3 (0) 18 (0) 27 (B) 
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A.2. Get lnatructlona 

get_CODiti.Dt_)( 

iDput coDatut C ud 1.rgume11t ret;itter aumber X1 

output: 
fUDctioD. U11ify C with Xi 

IDstructioD beet cache wont 

&et_CODStl.llt_X: 

move.l #C,DO 0 (0/0/0) 6 (0/0/0) s (0/1/0) 

move.l Xi,D1 0 (0/0/0) 2 (0/0/0) s (0/1/0) 

move.l PDL,pdl&se(MP) S(0/0/1) 6 (0/0/1) 7 (0/1/1) 

bn _uDify1 6 (0/0/1) 7 (0/0/1) IS (0/2/1) 

cycles 1-+ u-4 (2) 20-+ u-10 (2) S3-+ u-12 (7) 

move. I Xi(MP).D1 3 (1/0/0) 7 (1/0/0) g (1/1/0) 

Xi iD memory S (1) more 6 (1) mort 6 (2) more 

get_v1.lue_)( 

iDput: iDput 1.rgume11ts Xi 1.11d Xi 

output: 
fUDctioD: UDify Xi with Xi 

ID~truction 
be~t cache worst 

cet_v .. lue_X: 

move.l XI, DO 0 (0/0/0) 2 (0/0/0) 3 (0/1 /0) 

move.l Xj,D1 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

move.l PDL,pdiB&se(MP) 3 (0/0/1) 6 (0/0/1) 7 (0/1/1) 

brs _unify s (0/0/1) 7 (0/0/1) 13 (0/2/1) 

cycles H u • (2) 111-+ u • (2) 26 .... u • (7) 

X iD mem 3(1)or6(2) 7 (1) or 14 (2) II (1) or 18 (2) 

• u is the time spent in the uni6catioD roUtiDe 

get_value_Y 

iDput Permeunt nriaLie Y1 ud 1.rgume11t Xj 

output 
fuoctioo UDif,· Yl &Dd Xj 

IDstruction best CI.Cht worst 

get_v&lue_ Y 

mon.l ·4•i(E),DO 3 (1/0/0) 7 (1 /0/0) g (1/1 /0) 

move.l Xj,D1 0 (0/0/0) 2 (0/0/0) s (0/1/0) 

move.l PDL,pldBase(MP) 3 (0/0/1) s (0/0/1) 7 (0/1/1) 

br~ _UDify s (0/0/1) 7 (0/0/1) 13 (0/2/1) 

cycles 11-+ u. (3) 21-+u•(S) S2-+ u • (B) 

XJ iD memory 3 (1) more 7 (1) more II (I) mon 

• u I! the t1me needed by the uoificatl<'n tubroutiDe. 
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get_v&ri&ble_)( 

iaput &llumeat rrcisten X• ud Xj 

output: 

fuactioa Move the coateat of Xj to Xi 

ID8tructioa best c&cbe wont 

get_v&ri&ble_)(: 

move I Xj,X• 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

cycles 0 (0) 2 (0) 3 (1) 

get_ v&ri&ble_X 

iaput: &llumeat rrcisten X1 nd Xj 

output: 

functJoD· Xj is ia memory ather tbu & m&cbiar ~gieter 

IDstructioD best ache wont 

grt_nri&ble_)(: 

move.! Xj,Xi(MP) 3 (0/0/1) s (0/0/1) 7 (0/1 /1) 

cycles 3 (1) s (1) 7 (2) 

get_va.ria.ble_X 

input llllUment rrcisten Xi ud Xj 

output 

function· Xi is ia the memory 

last ruction best ucbe wont 

get_ vui& ble_X: 

move.l Xj(MP).Xi 3 (l /0/0) 7 (1/0/0) 0 (1/2/0) 

cycles 3 (l) 7 (1) 0 (3) 

get_nna.ble_X 

Input &rgumeDl reg1~t er.t X• &Dd XJ 

output· 

fUDCllOD Both X• and XJ are iD memory 

ID~truction best c&cbe wont 

get_va.ria.ble_)(· 

move.) Xj(MP).Xi(t-.IP) 6 (1/0/1) 8 (1/0/1) 13 (1/2/1) 

cycles 6 (2) 8 (2) 13 (4) 

c 8 8 8 ~-

get_vuia.ble_Y 

iaput. Permeunt nria.ble Yi &Dd &rgumeat ~Jl8ler XJ 

output: 

fuDctioD move the content of Xj iato Yi 

get_va.na.ble_Y: 

move.! Xi.·4•i(E) 3 (0/0/1) 6 (0/0/1) 7 (0/1/1) 

cycles Xj iD ~gister 3 (1) 6 (1) 7 (2) 



cet_T&ri&bJe_ Y 

input. Pel'llleuDt nri&ble Yi nd &TfllmeDt reciater Xj 

o11tput: 

fUDctiOD Xi ie in memory 

1Dstruct1oD beet nche wont 

cet_v&riable_Y: 

mon.l Xj(MP).-4 •i(E) 6 (1/0/1) I (1/0/1) 13 (1/2/1) 

cyclee 
6 (2) I (2) 13 (4) 

cet_hst 

... 
inp11t: l.flllmeDt reciser X• 

o11tput: 

fuDctio11: eet 11p for uDi6cat•on of Xi nd a li1t 

ID!t ructioD best ca.che wont 

cet_list Xi 

dtrt/trtflct (Xi, Lref, Luef) 

Lref: 
5 (0) 12 (0) 17 (5) 

move.l H,DO 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

or.b #hsttag,DO 0 (0/0/0) 4 (0/0/0) 6 (0/2/0) 

btst #cdr,X• 1 (0/0/0) 4 (0/0/0) 5 (0/1/0) 

beq 1 1/3 4/6 5/Q 

bset #cdr,DO 1 (0/0/0) 4 (0/0/0) 5 (0/1/0) 

1 
move.l DO,(AO) 3 (0/0/1) 4 (0/0/1) 5 (0/1/1) 

I rail XI,AO 4 (0) 20 (0) 28 (7) 

move. I DO,Xi 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

bra write_11nify 3 6 g 

Lnref: 6 (0) 12 (0) 16 (3) 

move.l Dx,DO 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

bftst Do to.z] 3 (0/0/0) 6 (0/0/0) 7 (0/1/0) 

ble _fail 1/3 4/6 6/Q 

bclr #O.DO 1 (0/0/0) 4 (0/0/0) 5 (0/1/0) 

movea.l DO,S 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

read_unify_ 

cycle~ refereDce 1Q-+ d-+ t (1) 62-+ d-+ t (I) 86 ... d ... t (23) • 

hst 11-+ d (0) 30-+ d (0) 3Q-+ d (8). 

others 12-+ d (0) 26-+ d (0) 32-+ d (7) • 

Xi ill memor)" 3 (1) more g (1) more 12 more(4) 

dtrtftrtna &Dd lra1l are to be m;a.croexpaDded 

• d i~ time needed to derefence aDd t is tbe time Deeded to do trail cbeckiDg 
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ctt_rtrach~ 

in pat: Xi 

oatput: 

fllllctioa· ~et ap for tb~ aui6catioa of Xi aad a 1tructure 

lastructioa best ache wont 

cet_structurt• 

tltrt/crtflct (Xi, Lref, Luef) 

Lref. b {0) 12 (0) 17 {b) 

move.l H,DO 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

or.b #structtag,DO 0 (0/0/0) 4 (0/0/0) 6 (0/Z/0) 

btst #cdr,Xi 1 (0/0/0) 4 (0/0/0) b (0/1/0) 

beq 1 1/S 4/6 b/G 

bstt #cdr, DO 1 (0/0/0) 4 (0/0/0) b (0/1/0) 

1: 

movt.l DO,(AO) 3 (0/0/1) 4 (0/0/1) s (0/1/1) 

lrai/ Xi,AO 4 {0) 20 (0) 28 (7) 

movt.l DO,Xi 0 (0/0/0) 2 (0/0/0) 3 {0/1/0) 

movt.l #Fuactor,(H)+ 4 (0/0/1) I (0/0/1) 7 (0/1/1) 

bra write_uaify_ 3 6 g 

La ref. 

lul_rlrucl (DO, _fail) 1/3 (0) 16/18 (0) 23/27 (7) 

and b #Oxfc,DO 0 (0/0/0} 4 (0/0/0) 6 {0/2/0) 

movea.l DO,S 0 (0/0/0) 2 (0/0/0) 3 {0/1/0) 

cmpi.l #F.(S)+ 0+ b (1/0/0} 2+ I (1/0/0) 3+ G (1/1/0) 

bae Jail 1/3 4/6 S/G 

ready _uaify _ 

cycles • refereace 23+ d+ t (2) 70+ d+ t (2) G3+ d+ t (25) 

structure 13+d (1) 48+ d (1) 65+d(16) 

hst or coast 0+ d (0) 30+ d (0) 43+ d (11) 

functor Dot match 15+ d (1) 50+ d (1) 6G+ d (17) 

Xi in memory 3 (1) more 7 (1) more 0 (4) more 

dere/ertflct, lrai/ and le•l_llrucl are to be m1croexpanded 

• d time needed for dereference, and t t1me needed for trail the bJDd1ngs 
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A.3. Put Jn.tructlon• 

put_nriable.)( 

input: arcument rtt;l!hr X1 

output· 

function: Crute a11 unboUDd nriable on the heap and pat lhe pointer 

in Xi 

In ~t ru ctio 11 best cacl1e wont 

put_ variable_)(: 

move.! H,Xi 0 (0/0/0) 2 (0/0/0) s (0/1 /0) 

move.! H,(H)+ 4 (0/0/1) 4 (0/0/1) 6 (0/1/1) 

cycle! 4 (I) 6 (1) I (3) 

put_variable_Y 

input: Penne11nt variable Y 1 

output: 

fuoctio11: Create an unbou11d permeuut variable Yi 

ln!truct•on best cache wont 

put_variable_ Y: 

lea ·4•i(E),AO 4 (0/0/0) 4 (0/0/0) 6 (0/2/0) 

move. I AO,(AO) 3 (0/0/1) 4 (0/0/1) s (0/1/1) 

move.l AO,Xj 0 {0/0/0.) 2 (0/0/0) 3 (0/1/0) 

cycle~ X1 111 regi3ter 7 (I) 10 (1) 14 (5) 

put_valae..X 

input: argument X1 and Xj 

output: 

functio11 mon tbe ronte11t X• into XJ 

ln~truction 
best cache WOT3t 

put_value_X: 

move.! Xi.Xj 0 {0/0/0) 2 (0/0/0) 3 {0/1/0) 

cycles Xi,Xj in regi~ters 0 (0) 2 (0) 3 (I) 

Xi ill memory 3 (I) 7 (1) ll (2) 

XJ i11 memory 3 (1) s (1) 7 (2) 

botb Xi.XJ in memory 6 (2) 8 (Z) 13 (3) 

This i11structio11 is the same a~ the get_value_X, except the d•rectlon 

of dati mo,·ement i~ re,·ened 

put_ value_ Y 

input: permenant vari.able Y1 and arr;ument rer;1eter XJ 

output: 

function Move t be coni eut of Yi into Xj 

Instruction best cache wont 

put_ value_ Y: 

move.l ·4••(E).Xj 3 (1/0/0) 7 (I /0/0) ll (1/1/0) 

cycle! Xj in reg1~ter 3 (I) 7 (I) ll (2) 

XJ in memory 6 {2) 8 (2) 13 (3) 
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put_constut Xi 

input: Conataat C ud a.rgumeat reciater Xi 

output: 
function move C into Xi 

ln!tructton best cache wont 

put_coost&nt 

move. I #Const&nt,Xi D (D/D/D) 6 (D/D/D) 6 (D/1 /D) 

cycle11 Xi in register D (0) 6 (D) 6 (1) 

Xi in memory 3 (1) II (1} II (2) 

put_list 

input: argument Xi 

output: 

function· initialize Xi to point to the hup where the hst it built 

lutruction best cache wont 

put_list: 

move.l H,Xt 0 (0/D/0) 2 (0/D/D) 3 (0/1/0) 

or.b #listta.r;,Xt 0 (0/0/D) 4 (0/D/0) 6 {0/2/0) 

write_unify _: 

cycles Xi in register D (0) 6 (D) II (3) 

Xt in memory 3 (1) 11 (1) 16 (4) 

put_structure 

input Functor F &nd a.rgument Xt 

output: 

function: initia.lize Xt to point to the hup where & structure with 

functor r is built 

ln~tructton best ca.che worst 

put_structure. 
mo,·e.l H,Xi 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

or. I #structtag,Xi 0 (0/0/0) 4 (0/0/0) 6 (0/2/0) 

move I #F,(H)+ 4 (0/0/1) 8 (0/0/1) 7 (0/1/1) 

write_unify_ 

cycle! Xt tn regt~ter 4 (1) 14 (1) 16 (5) 

Xt in memory 7 (:!) 111 (2) 23 (7) 
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pat_auu.fe_value 

iupat. Permnut variable Yi ud af'lumeut recirter Xj (ou chip) 

oatpat: 

faDctiou· tr Yi it derefereaced to au nbond variable, a Dew variable 

it craeted oD the heap ud it pat iuto Xj Otherwise, the de ref ereuced 

value of Yi it put iuto Xi 

IDitractiou beet cache wont 

pat_auufe_nlue 

move .I ·4•i(E),Xi 3 (1/0/0) 7 (1/0/0) g (1/2/0) 

•cre/crcflct (Xi, Lref, l..Dref) 

Lref: 
6 (0) 12 (0) 17 (S) 

cmp.l 'fltetack_bue,Xi 0 (1/0/0) 2-i- 4 (1/0/0) 3+ s (1/2/0) 

bet LDref 1/3 4/6 5/G 

trail Xi,AO 4 (0) 20 (0) 28 (7) 

move.l H,Xi 0 {0/0/0) 2 (0/0/0) 3 (0/1/0) 

move.l H,(H)+ 4 (0/0/1) 4 (0/0/1) s (0/1/1) 

Lure! 
6 (0) 12 (0) 16 (3) 

cycles X1 Tel DOt ref G+d (·1) 1Q+ d (1) 25+ d (6) 

ref Do move 11+ d (2) 31+ d (2) 43+ d (13) 

ref move 17+ d (3) SS+ d (3) 7S+ d (ZZ) 

X1 ie ID a m&cbine register on cbip 

put_unu!e_value 

input· Permenant nri~oble Y1 ud argumeut regJ!ter XJ (111 memory) 

output 

function If Y1 I! dereferenced to &D unbound nn~oble, a new Vl.fil.ble 

is cruted on tbe be~op ud is put into XJ OtherwJ!e, tbe derderenced 

nlue of Yi i~ put into XJ 

ln~truction best cache worst 

put_UD!I.fe_v~olue 

move.l ·4•i(E),DO 3 (1/0/0) 7 (1/0/0) g (1/2/0) 

dereference (DO, Lre!, Lord) 

Lref. s (0) 12 (0) 17 (5) 

cmpl # !t&cl_b~o!e ,DO 0 (1/0/0) 2-i- 4 (1/0/0) 3+ 5 (I /2/0) 

bgt Lnref 1/3 4/6 5/g 

tr~oil OO,AO 4 (0) 20 (0) 28 (i) 

mo.-e.l H.DO 0 (0/0/0) 2 (0/0/0) 3 (0;1/0) 

move.l H,(H)+ 4 (0/0/1) 4 (0/0/1) s (0/1/1) 

La ref. 6 (0) 12 (0) 16 (3) 

move. I OD.Xi(MP) 3 (0/0/1) s (0/0/1) 7 (O.'J/1) 

cycle! X1 ID mem ore! 12+ d (2) 24+ d {2) 32+ d (8) 

ref no move 14+ d (3) 36+ d {3) 50+ d (15) 

ref move 20+ d {4) 60+ d (4) 82+ d (24) 
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A.4. General Unlfleatlon Routine 

unify 

input· DO, D1 

output: 

temps: DO,D1,S 

function general unification eubroutioe 

ln!tructioo be!t cache wont 

dereference (DO, Lref, Lnref) 

Lref. & (0) 12 (0) 17 (&) 

dereference (D1, Lrr, Lrnr) 

IIDify _rr. 

Lrr: 
& (0) 12 (0) 17 (&) 

bclr #cdr,DO 1 {0/0/0) 4 (0/0/0) & (0/1/0) 

bmi 10 1/3 4/6 6/D 

bclr #cdr,D1 1 (0/0/0) 4 (0/0/0) 6 (0/1/0) 

bmi 20 1/3 4/6 5/D 

cmp.l DO,D1 0 (0/0/0) 2 (0/0/0) s (0/1/0) 

bit 2 1/3 4/6 5/D 

I. 
movea.l DO,AO 0 (0/0/0) 2 (0/0/0) 3 (0/1 /0) 

exg DO,Dl 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

2: 

move.! DO,(AO) 3 (0/0/1) 4(0/0/1) 5 (0/1/1) 

trail D1,AO 4+ t (0) 20+ t (0) 28+ t (7) 

rt~ 
D (!l0/0) 10 (1/0/0) 12 (1/2/0) 

10 

bclr #cdr,D1 1 (0/0/0) 4 (0/0/0) 5 (0/1/0) 

bmi 15 1/3 4/6 5/D 

cmpl DO,D1 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

bit 2 1/3 4/6 5/D 

exg DO,DI 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

11: 

b~et #cdr.DO 1 (0/0/0) 4 (0/0/0) 5 (0/1 /0) 

movea..l D1,AO 0 (0/0/0) 2 (0/0/0) 3 (0/1 /0) 

b~et #cdr,DI 1 (0/0/0) 4 (0/0/0) 5(0/1/0) 

bra z !,'3 4/6 5/D 

15 

cmp.l DO,Dl 0 (0/0/0) 4 (0/0/0) & (0/1/0) 

bit 11 1/3 4/6 5/D 

exg DO,D1 0 (0/0/0) 2 (0/0/0) s (0/1 /0) 

bra 11 3 6 D 

20. 

cmpl DO,DI 0 (0/0/0) 2 (0/0/0) s (0/1 /0) 

ble 11 1/3 4/6 6/D 

bra 1 3 6 D 
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ui!y Jcoutl 

ID!tructiou bat c~cbt wont 

Lrur 
6 (0) 12 (0) 16 (3) 

bclr fllcdr,DO 1 {0/0/0) 4 (0/0/0) &(0/1/0) 

~q 21 1/S 4/6 &/II 

beet fllcdr,D1 1 (0/0/0) 4 (0/0/0) & (0/1 /0) 

move.! OO,AO 0 (0/0/0) 2 (0/0/0) 3 (0/1 /0) 

move.! Dl,(AO) s (0/0/1) 4 (0/0/1) & (0/1/1) 

batt f!lcdr,DO 1 (0/0/0) 4 (0/0/0) & (0/1 /0) 

exc 00,01 0 (0/0/0) 2 (0/0/0) & (0/1 /0) 

bra 2 s 6 II 

:!I: 

bclr fllcdr,DI 1 (0/0/0) 4 (0/0/0) & (0/1/0) 

bra 1 3 6 II 

uuifyl 

Lurtf 
6 (0) 12 (0) 16 (3) 

dereference (01, Lurr, Luu) 

Lurr 
& (0) 12 (0) 17 (b) 

bt!t #cdr,D1 I (0/0/0) 4 (0/0/0) b (0/1/0) 

beq 22 1/3 4/6 b/11 

batt #cdr,DO 1 (0/0/0) 4 (0/0/0) b (0/1 /0) 

move. I OO,(AO) 3 (0/0/1) 4 (0/0/1) b (0/1 /1) 

bra 2 3 6 II 

22 
bclr #cdr,DO 1 (0/0/0) 4 (0/0/0) b (0/1 /0) 

move.! OO,(AO) 3 (0/0/1) 4 (0/0/1) s (0/1/1) 

bra 2 3 6 II 

LDD 
6 (0) 1210) 16 (3) 

bclr #cdr,DO 1 (0/0/0) 4 (0/0/0) s (0/1 /0) 

bclr #cdr,D1 1 (0/0/0) 4 (0/0/0) s (0/1/0) 

cmp.l 00,01 0 (0/0/0) 2 (0/0/0) 3 (0/1 /0) 

but 30 1/3 4/6 S/11 

rt~ 
II (1/0/0) 10 (1/0/0) 1:?(1/~/0) 

UDify_DD 

30 

switcb_tag (Do, L!atl, Ll, Lfatl. Lt) 8 (0) 27 (0) 36 (6) 

Ll 
te!t_liH (01, Lfail) 4/6 10/12 12/16 

bra uuify_liat 3 6 II 

Ls: 
test_struct (01, Lfail) 1/3 16/18 23/27 

bra UDif~·-~tTllrl 3 6 II 

cycle! var,var 40+ d+ t (2) 116+ d+ t (2) 134+ d+ t (35) 

V&r,D\'&r 37+ d+ t (3) 88+ d+ t (3) 120+ d+ t (30) 

DV~r.var 
38+ d+ t (3) 88·d+ t (3) Ill+ d+ t (28) 

COD!t,CODSt 24+ d (1) 48+ d (1) 62~ d (11) 

list,list 32+ d+ ul (1) 83+d+ ul (1) II&+ d+ ul (Ill) 

etruc,struc 211+ d+ II (1) 811+ d+ U! (1) 106+ d+ us (24) 

entry from uuifyl 6 (0) len 12 (0) lm 16 (3) lm 

d time ueeded for dere!ernce 

t time Dttdtd for tr~il 

ul aud us are ttme ueeded to uuify the li!t aud ltTllcture respectively 



-so. 

liDify _I itt 

iDput DO, 01 

output 

tempt· DO,D1,S,Al,AO,PDL 

fUDctioD loop to aDify hth 

ID!tructiOD best cache wont 

_uify _hst 

move.l (POL)+ ,01 4 (1/0/0) 6 (1/0/0) 7 (1/1/0) 

move.l (POL)+ ,DO 4 (1/0/0) 6 (1/0/0) 7 (1/1/0) 

UDify_hst 

add.b Oxfc,DO 0+ 0 (0/0/0) 2+ 2 (0/0/0) 3+ 3 (0/1/0) 

add.b Oxfc,Dl 0+ 0 (0/0/0) 2+ 2 (0/0/0) 3+ 3 (0/1/0) 

movea.l DO,S 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

movea.l Dl,Al 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

move I (S)+ ,DO 4 (1/0/0) 6 (1 /0/0) 7 (1/1/0) 

move. I (AI)+ ,01 4 (1/0/0) 6 (1/0/0) 7 (1/1/0) 

bra _loop 3 6 ~ 

_coDtiDue 

move I (S)+ ,DO 4 (1/0/0) 6 (1/0/0) 7 (1/1/0) 

bm1 4 1/3 4/6 b/~ 

1. 2(0)• 8 (0)• 12 (4)• 

mon.l (A1)+,Dl 4 (1/0/0) 6 (I /0/0) 7 (1/1/0) 

bge _loop 1/3 4/6 b/G 

dtcdr (Dl,Al, Lcr ,Lfail,_loop) 

Lcr b (0) 28 (0) 3b (6) 

tubq I #4,5 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

move.l S,DO 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

2 
or. I #cdr_hsttag,DO 0+ 0 (0/0/0) 2+ 4 (0/0/0) 3+ b (0/2/0) 

3: 
move. I DO,(Al) 3 (0/0/1) 4 (0/0/1) b (0/1/1) 

trail Dl,Al 4 (0) 20 (0) 28 (7) 

rts ~ (1/0/0) 10 (1/0/0) 12 (1/2.'0) 

4: 
dtcdr (DO,S,LcvO,LcoO,l) 

LcvO & (0) 28 (0) 3& (6) 

move.l (AI)+ ,01 4 (1/0/0) 6 (1/0/0) 7 (1/1/0) 

bmi 6 1/3 4/6 b/~ 

b -
tubql #4.Al 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

move.l Al,DO 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

movea.l S,Al 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

bra 2 3 6 ~ 

6: 

dtcdr (Dl,Al,Lcvl,Lcol,LDcl) 

Levi: 5 (0) 28 (0) 3& (7) 

cmp.l 00,01 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

bgt 7 1/3 4/6 5/0 

exg 00,01 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

7: 

bclr #cdr,Dl I (0/0/0) 4 {0/0/0) b (0/1/0) 

btet #cdr, DO 1 (0/0/0) 4 (0/0/0) b (0/1/0) 

movea.l Dl,AO 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

bra 3 3 6 ~ 
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unify_h!t (cont) 

ln!t ruction best c:&Cbt wont 

Lnc1· 
2 (0) I (0) 12 (4) 

bclr ~cdr,DO 1 (0/0/0) 4 (0/0/0) & (0/1/0) 

exr; DO,AO 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

bra 2 3 6 D 

Lco1. 
6 (0) 14 (0) 17 (3) 

exr; DO,D1 0 (0/0/0) 2 (0/0/0) 3 (0/1 /0) 

bclr #cdr,D1 1 (0/0/0) 4 (0/0/0) & (0/1/0) 

movea.l D1,AO 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

bra 3 3 e D 

LcoO. 
6 (0) 14 (0) 17 (3) 

move.l (A1 ),D1 3 (1/0/0) e (1/0/0) 7 (1/1/0) 

br;t Lfail 1/3 4/6 6/D 

~ccdr (D1,A1,Lcv2,Lco2,Lfail) 

Lcv2 
& (0) 28 (0) 3& (6) 

bclr #cdr,D1 1 {0/0/0) 4 (0/0/0) & {0/1 /0) 

mo,·ea.l Dl,AO 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

bra 3 3 6 D 

Lco2 
6 (0) 14 (0) 17 (3) 

cmp.l DO,D1 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

bne _unify_cdr 1/3 4/6 &/D 

rt! D (1/0/0) 10 (1/0/0) 12 (1/2/0) 

_unify _cdr· 

lelf_tlrucl (DO, Lfail) 1/3 16/18 23/27 

lul_tlrutl (D1, Lfail) 1/3 16/18 23/27 

bclr ~cdr,DO 1 (0/0/0) 4 (0/0/0) s (0/1 /0) 

bclr #cdr,D1 1 (0/0/0) 4 (0/0/0) & (0/1/0) 

bra unify_!truct 3 6 D 

_loop 

dtrt/trtntt (DO, Lv, Lnv) 

L\·: 
& (0) 12 (0) 17 (5) 

dtrt/trtfltt (D1. Lvv, Lvnv) 

Lvnv: 
6 (0) 12 (0) 16 (3) 

I~ movea.l DO,AO 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

bclr #cdr,DO 1 (0/0/0) 4 (0/0/0) s (0/1/0) 

beq 01 1/3 4/6 S/D 

exr; DO,AO 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

move .I D1,(AO) 3 (0/0/1) 4 (0/0/1) S(0/1/1) 

move.l DO,D1 0 (0/0/0) 2 (0/0/0) s (0/1/0) 

bu 04 3 6 g 
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uoify_list (coot ) 

lostruct•on b~t cache wont 

Lvv. 5 (0) 12 (0) 17 (5) 

bclr #cdr,OO 1 (0/0/0) 4 (0/0/0) 5 (0/1/0} 

bmi 10 1/3 4/6 5/'W 

bclr #cdr,01 1 (0/0/0) 4 (0/0/0} 5 (0/1/0) 

bmi 20 1/3 4/6 5/'W 

cmp.l 00,01 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

bit 02 1/3 4/6 6/'W 

01. 
move& .I OO,AO 0 (0/0/0} 2 (0/0/0} 3 (0/1/0) 

exg 00,01 0 (0/0/0) 2 (0/0/0} 3 (0/1/0} 

02 
move.! OO,(AO} 3 (0/0/1) 4 (0/0/1) 6 (0/1/1) 

lrGil O!,AO 4+ t (0} 20+ t (0) 28+ t (7) 

br& _continue 3 6 g 

10: 

bclr #cdr,01 I (0/0/0) 4 (0/0/0) 5 (0/1/0} 

bmi 15 1/3 4/6 6/'W 

cmp.l 00,01 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

bit 02 1/3 4/6 5/0 

exg 00,01 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

II: 

bset #cdr,OO 1 (0/0/0) 4 (0/0/0) 5 (0/1/0) 

move&.! OI,AO 0 (0/0/0} 2 (0/0/0) 3 (0/1/0} 

bset #cdr,OI 1 (0/0/0) 4 (0/0/0) 5 (0/1/0} 

br& 02 1/3 4/6 S/0 

15. 
cmp.l 00,01 0 (0/0/0) 4 (0/0/0) 5 (0/1/0} 

bit 11 1/3 4/6 S/0 

exg 00,01 0 (0/0/0) 2 (0/0/0) 3 (0/1/0} 

bra ll 3 6 0 

20. 

cmp.l 00,01 0 (0/0 /0) 2 (0/0/0) 3 (0/1/0} 

ble 11 1/3 4/6 S/0 

bra. 01 3 6 0 

Lov: 
dereference (Ol,Lovv,Lno) 

Lnvv: s (0) 12 (0) 17 (S} 

btst #cdr,OI 1 (0/0/0) 4 (0/0/0} 5 (0/1/0) 

beq 03 1/3 4/6 5/0 

bset #cdr,OO I (0/0/0) 4 (0/0/0) 5 (0/1/0) 

br& 03 3 6 g 
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11Dify_li1t (cont) 

ID!tructiOn betl cache wont 

Lu· 6 (0) 12 (0) 16 (3) 

bclr #cdr,DO 1 (0/0/0) 4 (0/0/0) 6 (0/1/0) 

bclr #cdr,D1 1 (0/0/0) 4 (0/0/0) 6 (0/1/0) 

cmp.l DO,D1 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

beq _continue 1/3 4/6 6/Q 

1111ilcl!_lag (DO, Lf&il, Ll, Lf&il, L•) 8 27 36 

Ll 
lul_/11l (D1, Lf&il) 6/4 12/10 16/12 

le& _11Dify_liet,AO 2+ 2 (0/0/0) 2+ 2 (0/0/0) 3+ 3 (0/2/0) 

move .I DO,·(PDL) 3 {0/0/1) 6 (0/0/1) 6 (0/1/1) 

move.l D1,·(PDL) 3 (0/0/1) 6 (0/0/1) 6 (0/1/1) 

move.l AO, -(PDL) 3 (0/0/1) 5 (0/0/1) 6 (0/1/1) 

br& _continue 3 6 g 

L! 
lcll_elrucl (D1, Lf&il) 3/1 18/16 27/23 

.. le& _unify _1truct,AO 2+ 2 (0/0/0) 2+ 2 (0/0/0) 3+ 3 (0/2/0) 

move. I DO,-(PDL) 3 (0/0/1) 5 (0/0/1) 6 (0/1/1) 

move.l 01,-(PDL) 3 (0/0/1) 5 (0/0/1) 6 (0/1/1) 

move.l AO, -(PDL) 3 (0/0/1) 5 (0/0/1) 6 (0/1/1) 

br& _continue 3 6 g 

Lf&il: 

move.l pdiBue(MP),PDL 3 (1/0/0) 7 (1/0/0) g (1/2/0) 

bra _f&il 3 6 g 

cycle~ entry 

_unify_hst 1Q (4) 42 (4) 55 (16) 

unify_hst 11 (2) 30 (2) 41 (12) 

per elmement 

V&r,V&r 46+ d+ t (4) 108+ d+ t (4) 

v&r,nv&r 38+ d+ t (3) QQ+ d+ t (3) 131+ d+ t (32) 

DV&f,V&r 3Q+ d+ t (3) QH d+ t (3) 127+ d+ t (38) 

CODJl,COD!t 28+ d+ c (2) 68+ d+ c (2) 70+ d+ c (16) 

list,h!t 53+ d+ ul (6) 114+ d+ ul (6) 14g+ d+ ul (32) 

st rue ,!true SO+ d+ ue (6) 120+ d+ Ill (6) 160+ d+ U! (37) 

rxit 

con!l,const 30+ d+ c (1) 64+ d+ c (1) 80+ d+ c (15) 

c_v&r,ncdr 31+ d+ c (3) Q2+ d+ c (3) 122+ d+ c (28) 

Dcdr,c_v&r 1Q+ d+ c (2) 70+ d+ c (2) QO+ d+ c (22) 

v&r,var 41+d+c+t (3) 126+ d+ c+ t (3) 164+ d+ c+ t (37) 

etruc.~truc 35+ d+ Ill (3) 84d+ Ul (3) 113+ d+ u~ (31) 

d time needed for dereference t time needed for tra.il 

c time needed for decdr 

ul &nd u~ are the t1me needed to unify a list or & structure respectively 



nify _Jtl'llct 

input: DO, 01 

output: 

~emps: 
DO,D1,S,A1,AO,PDL 

fUDctiou ,;eunal uuilicatiou routiue for Jtruct 

In stru ctio n best cache worat 

_unify _etruct: 

move.l (PDL)+ ,01 4 (1/0/0) 6 (1 /0/0) 7 (1/1/0) 

mon.l (POL)+ ,DO 4 (1/0/0) 6 (1/0/0) 7 (1/1/0) 

unify _stl'llct: 

and.b #xfc,D1 0+ 0 (0/0/0) 2+ 2 (0/0/0) 3+ 3 (0/2/0) 

&Dd.b #xfc,DO 0+ 0 (0/0/0) 2+ 2 (0/0/0) 3+ 3 (0/2/0) 

move a DO,S 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

move a D1,A1 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

mon.l (S)+ ,DO 4 (1/0/0) 6 (1/0/0) 7 (1/1/0) 

cmp.l (AI)+ ,DO 0+ 4 (1/0/0) 2+4 (1/0/0) 3+ 4 (1/1/0) 

beq loop 1/3 4/6 5/0 

bra Lfail 3 6 0 

_continue: 

mon.l (S)+ ,DO 4 (1/0/0) 6 (1/0/0) 7 (1/1/0) 

bmi 50 1/3 4/6 5/0 

move.l (AI)+ ,DI 4 (1/0/0) 6 (1/0/0) 7 (1/1/0) 

bmi Lfail 1/3 4/6 5/0 

loop: 

dereference (DO, Lref, Lnref) 

Lref: 5 (0) 12 (0) 17 (5) 

dereference (01, Lrr, Lru) 

Lru: 
move.l DO,AO 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

bclr #cdr,DO 1 (0/0/0) 4 (0/0/0) 5 (0/1/0) 

beq 1 1/3 4/6 5/0 

exg DO,AO 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

bset #cdr,Dl 1 (0/0/0) 4 (0/0/0) 5 (0/1/0) 

move.l Dl,(AO) 3 (0/0/1) 4 (0/0/1) 5 (0/1/1) 

exg DO,DI 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

bra 3 3 6 0 

Lrr: 5 (0) 12 (0) 17 (5) 

bclr fl!cdr,DO 1 (0/0/0) 4 (0/0/0) 5 (0/1/0) 

bmi 10 1/3 4/6 5/0 

bclr #cdr,DI 1 (0/0/0) 4 (0/0/0) 5 (0/1/0) 

bmi 20 1/3 4/6 5/0 

cmp.l DO,DI 0 (0/0/0) 2 (0/0/0) 3 {0/1/0) 

bit 2 1/3 4/6 5/0 

1: 
movea.l DO,AO 0 (0/0/0) 2 (0/0/0) 3 {0/1/0) 

exg DO,DI 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

2: 
move.l DO,(AO) 3 (0/0/1) 4 (0/0/1) 5(0/1/1) 

3: 
trail Dl,AO HS (0) 20+ t (0) 28+ t (7) 

rts 0 (1/0/0) 10 (1/0/0) 12 (1 /2/0) 
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unify_rtruct (coDt) 

IDstructioD best c&cbe WOT!t 

10: 
bclr #cdr,D1 1 (0/0 /0) 4 (0/0/0) s (0/1/0) 

bmi 15 1/3 4/6 5/Q 

cmp.l 00,01 0 (0/0/0) 2 {0/0/0) 3 {0/1/0) 

bit 2 1/3 4/6 5/D 

exc 00,01 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

11: 

baet #cdr,DO 1 (0/0/0) 4 (0/0/0) 5 (0/1/0) 

movu.l D1,AO 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

bset #cdr,D1 1 (0/0 /0) 4 (0/0/0) s (0/1/0) 

br& 2 1/3 4/6 5/Q 

15: 
cmp.l 00,01 0 (0/0/0) 4 (0/0/0) Eo (0/1/0) 

bit 11 1/3 4/6 5/Q 

exc 00,01 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

br& 11 3 6 g 

20 
cmp.l 00,01 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

ble 11 1/3 4/6 5/Q 

bra 1 3 6 g 

LDref. 6 (0) 12 (0) 16 (0) 

derefereDce (01, LDT, LDD) 

Lnr: 5 (0) 12 (0) 17 (5) 

but #cdr,D1 1 (0/0/0) 4 (0/0/0) 5 (0/1/0) 

beq 2 3 6 g 

bset #cdr,DO 1 (0/0/0) 4 (0 /0/0) 5 (0/1/0) 

move.l DO,(AO) 3 (0/0/1) 4 (0/0/1) 5(0/1/1) 

bra 3 3 6 g 

Lnn: 6 (0) 12 (0) 16 (3) 

cmp.l 00,01 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

beq _continue 1/3 4/6 5/Q 

nritch_t&c (DO, Lfail, Ll, Lfail, Le) 4 18 25 

Ll: 
test_list (01, Lfail) 4/6 10/12 12/16 

In _unify _hst,AO 2+ 2 (0/0/0) 2+ 2 (0/0/0) 3+ 3 (0/2/0) 

move.l 00,-(PDL) 3 (0/0/1) 5 (0/0/1) 6{0/1/1) 

move.l 01,-(PDL) 3 (0/0/1) 5 (0/0/1) 6 (0/1/1) 

move.l AO,-(PDL) 3 (0/0/1) 5 (0/0/1) 6 {0/1/1) 

bra _coDtinue 3 6 g 

Ls: 
test_struct (01, Lf&il) 1/3 16/18 23/27 

lea _unify _struct,AO 2+ 2 (0/0/0) 2+ 2 (0/0/0) 3+ 3 (0/2/0) 

move.l 00,-(PDL) 3 (0/0/1) Eo (0/0/1) 6 (0/1/1) 

move.l 01,-(PDL) 3 (0/0/1) 5 (0/0/1) 6 (0/1/1) 

move.l AO,-(PDL) 3 (0/0/1) s (0/0/1) 6 (0/1/1) 

br& _coDtinue 3 6 g 
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unify !truct (cont) 

Instruction b~st C&Ch~ wont 

50: 
mov~.l (A1),D1 3 (1/0/0) 6 (1/0/0) 7 (1/1/0) 

be~ Lf&il 1/3 4/6 5/0 

cmp.l DO,D1 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

bn~ Lf&il 1/3 4/6 5/0 

cmp.l #cdr_nii,DO 0+ 0 (0/0/0) 2+ 4 (0/0/0) 3+ b (0/2/0) 

bn~ Lf&il 1/3 4/6 5/0 

rts 0 (1/0/0) 10 (1/0/0) 12 (1/2/0) 

Lbil: 

move.l pdiBue(MP),PDL 3 (1/0/0) 7 (1/0/0) 0 (1/2/0) 

br& _f&il 3 6 0 

cycl~ entry 
_unify _struct 10 (4) 42 (4) 55 (16) 

unify _struct 11 (2) 30 (2) 41 (12) 

per element 

v&r,v&r 46+ d+ t (4) 108+ d+ t (4) 150+ d+ t (42) 

nv&r,v&r 38+ d+ t (3) 00+ d+t (3) 131+ d+ t (32) 

v&r,D.v&r 30+ d+t (3) 04+ d+t (3) 12i+ d+ t (38) 

const,const 25+d (2) 52+ d (2) 68+ d (16) 

list,list 47+ d+ ul (5) 103+ d+ ul (5) 134+ d+ ul (25) 

struc,struc 44+ d+ us (5) 100+ d+ us (5) H5+ d+ us (25) 

exit 17 (2) 38 (2) 49 (13) 

d time n~ded for der~r~r~nc~ 

t time ne~ded for trail 

ul and us time n~ded to unify & list or & structure resp~ctively 
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A.5. Read Unlfleatlon Routines 

nify_variable_X 

iaput: Xi, S 

output: 

temp: 

f111ctioD: read mode uui6catio11 whe11 Xi iD reginer 

L lutruction b~t cache WOf!lt 

r_unify _ variableX Xi ill reciater 

move.l (S)+,Xi .. (1/0/0) I (1/0/0) 7 (1/1/0) 

bee Lo 1/3 4/6 S/9 
~cct/r (Xi,S,Lcr,Jaii,Lo) 

Lcr: s (0) 28 (0) 35 (6) 

move.! H.D1 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

or.l #cdr_listtag,D1 0+ 0 (0/0/0) 2+ .. (0/0/0) 3+ 5 (0/2/0) L 
move.! 01,(S) 3 (0/0/1) .. (0/0/1) s (0/1/1) 

bset #cdr,Xi 1 (0/0/0) .. (0/0/0) s (0/1/0) 

lrGil Xi,S .. (0) 20 (0) 28 (7) 

move.! D1,Xi 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

move.! H,(H)+ .. (0/0/1) .. (0/0/1) s (0/1/1) 

bra write_Uilify_ 3 I g 

Lo: 2 (0) I (0) 12 (4) 

read_unify_ 

cycl~ base case 7 (1) 12 (1) 16 (4) 

invoke decdr 7+ c (1) 18+ c (1) 24+ c (7) 

change to w mode 25+ c+ t (3) 16+ c+ t (3) 113• c+ t (27) 

c time needed to decdr 

t time needed to trail 
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IIDify_va.ria.ble_X 

i11put: Xi i11 memory 

output: 

f11Dctio11: 1111ify in rea.d-mode whn Xi in the memory 

ln1tructio11 btlt ca.che wont 

'GIIify _vuia.ble,.X: 

move. I (S)+ ,DO 4 (1/0/0) 6 (1 /0/0) 7 (1/1/0) 

bee Lo 1/3 4/6 S/G 

~eetlr (DO,S,Lcr,_fa.ii,Lo) 

Lcr: s (0) 28 (0) 35 (6) 

move.l H,D1 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

or.l #cdr_li1tta.g,D1 0+ 0 (0/0/0) 2+ 4 (0/0/0) 3+ s (0/2/0) 

move.l Dl,(S) 3 (0/0/1) 4 (0/0/1) s (0/1/1) 

bset #cdr, DO 1 (0/0/0) 4 (0/0/0) s (0/1/0) 

I roil DO,S 4 (0) 20 (0) 28 (7) 

move.l D1,Xi(MP) 3 {0/0/1) s (0/0/1) 7(0/1/1) 

move.l H,(H)+ 4 (0/0/1) 4 (0/0/1) s (0/1/1) 

bn. write_1111ify _ 3 6 G 

Lo: 2 (0) 8 (0) 12 (4) 

move. I DO,Xi(MP) 3 {0/0/1) s (0/0/1) 7 (0/1/1) 

rea.d_unify _ 

cycles ba.se ca.se 10 (2) 17 (2) 23 (6) 

decdr 10+ c (2) 23+ c (2) 31+·C (G) 

cha.nge to w mode 28+ c+ t (4) 8G+ c+ t (4) 117+ c+ t (2G) 

c time Deeded to decdr 

t time Deeded to trail 

'DII ify _ vuia. ble _ Y 

i11put Yi 

output 

fUIIction · Ullify i 11 rea.d mode 

lutruction best ca.che worst 

r _unify_ nria.ble Y. 

move. I (S)+,DO 4 (1/0/0) 6 (1/0/0) 7 (1/1/0) 

bee Lo 1/3 4/6 S/G 

dtctlr (DO,S,Lcr,_fa.il,Lo) 

Lcr: s (0) 28 (0) 3[) (6) 

move.l H,D1 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

or.l #cdr_listtae,D1 0+ 0 (0/0/0) 2+ 4 (0/0/0) 3+ 5 (0/Z/0) 

move.l D1,(S) 3 (0/0/1) 4 (0/0/1) s (0/1/1) 

bset #cdr,DO 1 (0/0/0) 4 (0/0/0) 5 (0/1/0) 

I rail Do,s 4 (0) 20 (0) 28 (7) 

move. I D0,-4•i(E) 3 (0/0/1) s (0/0/1) 7 (0/1/1) 

move.l H,(H)+ 4 {0/0/1) 4 (0/0/1) s (0/1/1) 

bra. write_UDify_ 3 6 G 

Lo 2 (0) 8 (0) 12 (4) 

move.! D0,-4••(E) 3 (0/0/1) s (0/0/1) 7 {0/1/1) 

rea.d_unify _ 

cycles ba.se ca.se 10 (2) 17 (2) 23 (6) 

decdr 10+ c (2) 23+ c (2) 31+ c (G) 

cha.Dce tow mode 28+ c+ t (4) 8G+ c+ t (4) 117+c+t(20) 

c time needed to decdr 

t time needed to tn.il 



UDify_v&lue_X 

input: Xi in register 

output: 

function: unify in re&d mode 

Instruction best ache wont 

r_uify_V&IueX. 

move.! (S)+ ,DO 4 (1/0/0) 6 (1/0/0) 7 (1/1/0) 

bse Lo 1/3 4/6 5/Q 

lec4r (DO,S,Lcr,_f&ii,Lo) 

Lcr: 
/j (0) 28 (0) 35 (6) 

IDOVe.J H,D1 0 (0/0/0) 2 (0/0/0} 3 (0/1/0) 

or.! #cdr_listt&c.D1 0+ 0 (0/0/0) 2+ 4 (0/0/0} 3+ 5 (0/2/0) 

IDOVe.J D1,(S) 3 (0/0/1) 4 (0/0/1) /j (0/1/1) 

bset #cdr,DO 1 (0/0/0) 4 (0/0/0) /j (0/1/0) 

I roil DO,S 4 (0) 20 (0) 28 (7) 

4crc/trtfltt (Xi,Lref,Lnref) 

Lref: 5 (0) 12 (0) 17 (5) 

cmp.l '# st&c k_b&Se ,Xi 0+ 3 (0/0/0) 2+ 4 (0/0/0) 3+ 5 (0/2/0) 

bet 1 1/3 4/6 5/Q 

move.! H,(AO) 3 (0/0/1) 4 (0/0/1) 5 (0/1/1) 

lroi/ Xi,AO 4 (0) 20 (0) 28 (7) 

move.! H,(H)+ 4 (0/0/1) 4 (0/0/1} /j (0/1/1) 

br& write_unify_ 3 6 Q 

1: 
move.! Xi,DO 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

bclr #cdr,DO 1 (0/0/0) 4 (0/0/0) 5 (0/1/0) 

move. I DO,( H)+ 4 (0/0/1) 4 (0/0/1) 5 (0/1/1) 

bu write_unify_ 3 6 D 

Lnre! 6 (0) 12 (0) 16 (3) 

move. I Xi,(H)+ 4 (0/0/1) 4(0/0/1) 5(0/1/1) 

bu write_unify_ 3 6 D 

Lo: 2 (0) 8 (0) 12 (4) 

move.! PDL,pdlB&ae(MP) 3 (0/0/1) 5 (0/0/1) 7 (0/1/1) 

move.! Xi,D1 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

brs unify s (0/0/1) 7(0/0/1) 13 (0/2/1) 

rud_unify _ 

cycle! b&se c&se 15+ u (3) 26+ u (3) 3Q ... u (10) 

decdr 15+ C+ U (3) 32+ c+ u (3) 47+ c+ u (13) 

change to"' mode 25+ c+ t (3) 84 ... c+ t (3) 110+ C+ t (26) 

c t1me needed to decdr 

t time needed to tnil 

u time needed to unify 
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nify_nlu~-Y 

iDput: Yi 

output: 

fuDctioD: uDify Yi io rud mode 

Jostructioo best cache WOI'!It 

r_uDify_va.lu~Y: 

move I ·4•i(E),D1 3 (1/0/0) 7 (1/0/0) 0 (1/2/0) 

move.l (S)+ ,DO 4 (1/0/0) 6 (1/0/0) 7 (1/1/0) 

bge Lo 1/3 4/6 S/0 

•~cdr (DO,S,Lcr,Ja.ii,Lo) 

Lcr: s (0) 28 (0) 3S (6) 

movea..l D1,A1 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

move.( H,D1 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

or.l #cdr_listta.g,D1 0+ 0 (0/0/0) 2+ 4 (0/0/0) 3+ s (0/2/0) 

move. I D1,(S) 3 (0/0/1) 4 (0/0/1) s (0/1/1) 

bset #cdr,DO 1 (0/0/0) 4 (0/0/0) s (0/1/0) 

trail DO,S 4 (0) 20 (0) 28 (7) 

move.l A1,D1 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

dereference (D1,Lref,Loref) 

Lref. 5 (0) 12 (0) 17 (S) 

cmp.l #sta.ck_b&l!e,D1 0+ 3 (0/0/0) 2+ 4 (0/0/0) 3+ s (0/2/0) 

bgt s 1/3 4/6 S/0 

bclr #cdr,D1 1 (0/0/0) 4 (0/0/0) s (0/1/0) 

movea..l D1,AO 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

boe 2 1/3 4/6 5/0 

move.l H,(AO) 3 (0/0/1) 4 (0/0/1) s (0/0/1) 

1: 

trail Dl,AO 4 (0) 20 (0) 28 (7) 

move.l H.(H)~ 4 (0/0/1) 4 (0/0/1) s (0/1/1) 

bra. write_uoify_ 3 6 0 

2 

move I H,DO 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

bstot #cdr.DO 1 (0/0/0) 4 (0/0/0) s (0/1/0) 

mon.l DO.(AO) 3 (0/0/1) 4 (0/0/1) 5(0/1/1) 

bstot #cdr.D1 I {0/0/0) f (0/0/0) s (0/1/0) 

bra. 1 3 6 0 

s 
Lore f. 6 (0) 12 (0) 16 (0) 

bclr #cdr,D1 1 (0/0/0) 4 (0/0/0) 5 (0/J/0) 

move.l D1,(H)+ 4 (0/0/1) "(0 /Of l) S(0/1/1) 

bra. write_unify_ 3 6 0 

Lo: 2 (0) 8 (0) 12 (4) 

move. I PDL. pdiBa.se(MP) 3 (0/0/1) s (0/0/1) 7 (0/1/1) 

brs _uoify b (0/0/1) 7 (0/0/1) 13 (0/2/1) 

rea.d_uoify _ 

cycles ba.se 18+ u (4) 31+ u (4) 45 (12) 

decdr 18+c+u(4) 37+c+u(4) S3+c+u(15) 

change to w mode 35+ c+ t (4) lll+c+t (4) 146+ c+ t (35) 

no move 40+c+d+t(4) 123+ c+ d+ t (4) 164+c+d+t(41) 

move S3+ c+ d+ t (5) 16H c+ d+ t (5) 227+ c+ d+ t (57) 

c time needed to decdr 

d time needed to derefer~nce 

t time n~eded to trail 

u time needed to unify 
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11nify _constut 

' 
input 

Consta.nt C 

output: 

ruction· unify with C 

Instruction 
be,t tat be wont 

r _uify _constutC: 

move .I (S)~ ,I>O 4 (1/0/0) e (1/0/0) 7 (1/1/0) 

bge 
Lo 

l/3 4/6 S/Q 

iutlr (DO,S,Lcr,Jai!,Lo) 

Lcr: 
s (0) 28 (0) 35 (6) 

move .I 
H,Dl 0 (0/0/0) 2 (0/0/0} 3 {0/1/0) 

or.l 
#cdr_listtq,D1 0~ 0 (0/0/0) 2~ 4 (0/0/0) 3~ s (0/2/0) 

move! Dl,(S) s (0/0/1) 4 {0/0/1) s (0/1/1) 

bset 
#cdr,DO 1 (0/0/0) 4 {0/0/0) s (0/1/0) 

I roil 
DO,S 

4 (0) 20 (0) 28 (7) 

move. I 
#C,(H)~ 

4 (0/0/1} 8 (0/0/1) 7(0/1/1) 

bra 
w rite_unify _ 3 6 

g 

Lo: 
2 (0} 8 (0) 12 (4) 

move.! #C,D1 0-t- 0 (0/0/0} 6 (0/0/0) s (0/1/0) 

exg 
00,01 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

move.l PDL,pdlBm(MP) 3 (0/0/1) s (0/0/1) 7 (0/1/1) 

brs 
unify! s (0/0/1) 7 (0/0/1) 13 (0/2 /1) 

rud_unify_ 

cycles 
base case IS~ u (3) 30+ 11 (3) 41-+- u (10) 

decdr IS~ c~ 11 (3) 36~ c~ 11 (3) -tD-+ c+ u (13) 

cb.ange tow mode 25+ c+ t- {3) 88+ c~ t (3) 112-+ c+ t (Z6) 

c t1me needed to decdr 

t t1m~ needed to trail 

lj 

u time needed to unify 

un1fy _nil 

1nput: 

output 

function· unify NIL in read mode 

instruction 
best cache worst 

r_unify_nil 

move .I (S),DO 3 (1/0/0) 6 (1/0/0) 7(1/1/0) 

bge _rail 
1/3 4/6 S/D 

tlrctlr (DO,S,Lcr,Lcnr,_fail) 

Lrr 
s (0) 28 (0) 3S (6) 

move I #cdr_nii,(S) 3 (0/0/1) 8 (0/0/1) 7 (0/1/1) 

bact #cdr,DO 1 (0/0/0) • (0/0/0) s (0/1/0) 

lroi/ DO,S 
• (0) 20 (0) 28 (7) 

bra _continue 3 6 
g 

Lcnr: 
6 (0) H (0) 17 (3) 

cmpJ #cdr_nii,DO 0 (0/0/0) 2+ 4 {0/0/0) 3~ s (0/2/0) 

beq _continu 1/3 4/6 s;g 

bra _fail 
3 e D 

cycles cdr rarer 13+c(1) 36~c (1) 46+c(11) 

cdr rd 20+ c+ t (2) 76+ c+ t (2) D6+ C-t- t (21) 

c time needed to decdr 

t time needed to trail 
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uify_cdr 

iDput: Xi 

output: 

fuDctioD· Xi is uDilied with the Cdr of a list 

IDstructioD best cache worst 

r_uify _cdr X: 

move.l (S),DO s (1/0/0) 6 (1/0/0) 7 (1/1/0) 

bse 1 1/3 4/6 5/0 

~ectlr (DO,S,Lcr,LcrD,Lo) 

Lcr: s (0) 28 (0) 35 (6) 

bset #cdr,DO 1 (0/0/0) 4 (0/0/0) s (0/1/0) 

Lcru: 6 (0). 14 (0) • 17 (3). 

movt.l DO,Xi 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

bra _CODtiDUt 3 6 g 

Lo: 2 (0) 8 (0) 12 (4) 

subq #4,5 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

1: 

move.l S,Xi 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

or.l #cdr_hsttag,Xi 0+ 0 (0/0/0) 2+ 4 (0/0/0) 3+ 5 (0/2/0) 

bn. _coDtiDUe 3 6 0 

cycles base cast g (1) 26 (I) 36 (0) 

decdr to CDrd 13+ c (1) 32+ c (1) 41+ c (0) 

decdr to cref 13+c (1) SO+ c (1) 64+ c (13) 

decdr to others H c (1) 34+ c (1) 47+ c (13) 

Xi iD memory 3 (1) more 3 (1) more 4 (1) more 

c time Deeded to decdr 

UDify_cdr_Y 

iDput. Yi 

output: 

fuDctioD uDify Yi with the cdr of a list 

IDstructioD best cacbe worst 

r_uDify_cdrY. 

move.l (S),DO 3 (1/0/0) 6 (1/0/0) 7 (1/1/0) 

bge 1 1/3 4/6 S/0 

dtcdr (DO,S, Lcr,LcrD,L"o) 

Lcr: s (0) 28 (0) 35 (6) 

bset #cdr,DO 1 (0/0/0) 4 (0/0/0) 5 (0/1/0) 

Lcru: 6 (0) 14 (0) 17 (3) 

move.l D0,-4•i(E) 3 (0/0/1) s (0/0/1) 7 (0/1/1) 

bra _coDtiDue 3 6 g 

Lo: 2 (0) 8 (0) 12 (4) 

IUbq #4,5 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

1: 

move.l S,DO 0 (0/0/0) 2 (0/0/0) s (0/1/0) 

or.l #cdr_listtag,DO 0+ 0 (0/0/0) 2+ 4 (0/0/0) S+ 5 (0/2/0) 

move.l D0,-4•i(E) 3 {0/0/1) s (0/0/1) 7 (0/1/1) 

bra _coDtiDUt 

cycles base case 12 (2) 31 (2) 43 (II) 

decdr to CD ref 16+ c (2) 37+c(2) 48+ c (11) 

decdr to crer 16+ c (2) SS+ c (2) 71+ c (15) 

decdr to others 12 (2) 30 (2) 54 (15) 

c time Deeded to decdr 
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11Dify_void 

input: 

output: 

function unify unumed n.riable in read mode 

lnstructton b~t cache wont 

r_unify_void: 

mon.l (5)+ ,DO 4 (1/0/0) 6 (1/0/0) 7 (1/1/0) 

bee Lo 1/3 4/6 6/Q 

4cctlr (DO.S,Lcr,_faii,Lo) 

Lcr: 6 (0) 28 (0) 36 (6) 

move.l H,D1 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

or.l #cdr_listt&g.Dl 0+ 0 (0/0/0) 2+ 4 (0/0/0) 3+ 6 (0/2/0) 

move.l D1 ,(S) 3 (0/0/1) 4 (0/0/1) 6 (0/1/1) 

bset #cdr,DO 1 (0/0/0) 4 (0/0/1) 6 (0/1/1) 

trail DO,S 4 (0) 20 (0) 28 (7) 

move.] H,(H)+ 4 (0/0/1) 4 (0/0/1) 6(0/1/1) 

bra write_unify _ 3 6 g 

Lo: 2 (0) 8 (0) 12 (4) 

rud_unify _ 

cycles base case 7 (1) 12 (1) 16 (4) 

decdr 7+ c (1) 18+ c (1) 24+ c (7) 

change to w mode 25+ c+ t (3) 84+ c+ t (3) 101+ c+ t (27) 

- c time needed to decdr 

t time lleeded to trail 
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A.&. Write Unlfleatlon Routines 

unify_variable 

input. Xi 

output 

function unify Xi in write mode, Xi in r~ister 

Instruction best cache worst 

w _unify _variableX: 

move.! H,Xi 0 (0/0/0) 2 (0/0/0) s (0/1 /0) 

move.! Xi,(H)+ 4 (0/0/1) 4 (0/0/1) s (0/1/1) 

write_unify _ 

cycles Xi in r~ister 4 (1) 6 (1) 8 (3) 

unify_variable_X 

input. Xi 

output: 

function unify Xi in write mode when Xi is in memory 

Instruction best cache wont 

w _unify_variableX: 

move.! H,DO 0 (0/0/0) 2 (0/0/0) 3 (0/l/0) 

move. I DO,(H)+ 4 (0/0/1) 4 (0/0/1) S(0/1/1) 

move. I DO,X•(MP) 3 (0/0/1) s (0/0/1) 7 (0/1/1) 

write_unify_ 

cycles 7 (2) 11 (2) 1S (5) 

unify_variable_Y 

input: Yi 

output: 

function unify Yi in write mode 

Instruction best cache wont 

w _unify _varia.bleY: 

move.! H,DO 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

move.! DO,(H)+ 4 (0/0/1) 4 (0/0/1) S(0/1/1) 

move.! D0,-4•i(E) 3 (0/0/1) s (0/0/1) 7 (0/1/1) 

w rite_unify _ 



1111ify _v~lue_X 

input: Xi in rer;ister 

o11tput: 

function unify Xi Need to dereference to handle 1111s&fe v~lue 

Instruction best c~che worst 

cycl~ 7 (2) 11 (2) 1S (S) 

w _1111ify _v~lue_X: 

~ereferenct (Xi, Lref, Luref) 

Lref: s (0) 12 (0) 17 (5) 

cmp.l #stack_bue,Xi 0+ 0 (1/0/0) 2+ 4 (1/0/0) 3+ s (1/2/1) 

bee 1 1/3 4/6 S/0 

move.l H,(AO) 3 (0/0/1) 4 (0/0/1) 5 (0/1/1) 

froi/ Xi,AO 4 (0) 20 (0) 28 (7) 

move.l H,Xi 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

move.l H,(H)+ 4 (0/0/1) 4 (0/0/1) 5 (0/1/1) 

br~ write_unify_ 3 6 g 

1. 

move I Xi,DO 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

bclr #cdr, DO 1 (0/0/0) 4 (0/0/0) s (0/1/0) 

move.l DO,(H)+ 4 (0/0/1) 4 (0/0/1) S(0/1/1) 

bra uuify_write_ 3 6 g 

Lore!: 6 (0) 12 (0) 16 (3) 

move.! Xi,(H)+ 4 (0/0/1) 4 (0/0/1) 5 (0/1/1) 

write_unify_ 

cycl~ Xi nref 10+ d (1) 16+ d (1) 21+ d (S) 

ref Dmove 16+ d (1) 40+ d (1) 56+ d (15) 

ref move 20+ d+ t (:!) 58+ d+ t (2) 80+ d+ t (:!2) 

d time to dereference 

t time to trail 

.~... 

I 
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unify _va.iu~_)( 

iaput: Xi in m~mory 

output: 

function· unify Xi in writ~ mode 

Instruction best c&cb~ worst 

w _uaify_va.lueX: 

move. I Xi(MP),D1 3 (1/0/0) 7 (1/0/0} G (1/2/0} 

tlere/ercncc (Dl, Lrd, Laref} 

Lref: 5 (0} 12 (0) 17 (5} 

cmp.l #st&clc_bue,D1 0+ 0 (1/0/0} 2+ 4 (1/0/0) 3+ 5 (1/2/0} 

bgt 1 1/3 4/6 5/G 

move.l H,(AO) 3 {0/0/1) 4 (0/0/1) 5 (0/1/1) 

I roil D1,AO 4 (0} 20 (0} 28 (7) 

move.l H,Xi(MP} 3 (0/0/1) 5 (0/0/1) 7 (0/1/1) 

move.l H,(H)+ 4 (0/0/1) 4 (0/0/1) 5 {0/1/1) 

bn write_uaify 3 6 G 

1: 

move.l D1,Xi(MP) 3 (0/0/1) 5 (0/0/1) 7 (0/1/1) 

bclr #cdr,D1 1 (0/0/0) 4 (0/0/0) 5 (0/1/0} 

bra 2 3 6 D 

La ref: 6 (0) 12 (0) 16 (3) 

move.l D1,Xi(MP) 3 (0/0/1) 5 (0/0/1) 7 (0/1/1) 

2: 

move.l D1,(H)+ 4 (0/0/1) 4 (0/0/1) 5 (0/1/1) 

write_uaify_ 

cycles a ref 16+ d (3) 28+ d {3) 37+ d (G) 

ref amove 22+ d (3) 52+ d (3) 70+d(1g) 

ref move 26+ d+ t(4) 70+ d+t (8) GHd+ t (26) 

d time to der~feace 

t time to tnil 
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unify_v~lu~_Y 

input: Yi 

output: 
... fUDction· unify Yi in wriH mod~ 

ln~truction 
b~t c~ch~ wo..,t 

w _unify _nlueY: 

move .I -4•i(E),DO 3 (1/0/0) 7 (1/0/0) ll (1/2/0) 

derefence (DO, Lref, Lnref) 

Lref: s (0) 12 (0) 17 (S) 

cmp.l #st~ck_ba.se,DO 0+ 0 (0/0/0) 2+ 4 (0/0/0) 3+ s (0/2/0) 

bge 1 1/3 4/6 S/ll 

move. I H,(AO) 3 (0/0/1) 4 (0/0/1) s (0/1/1) 

tr~il DO,AO 4 (0) 20 (0) 28 (7) 

move. I H,-4•i(E) 3 (0/0/1) s (0/0/1) 7 (0/1/1) 

move.l H,{H)+ 4 (0/0/1) 4 (0/0/1) s (0/1/1) 

br~ w rite_unify _ 3 6 ll 

1: 

bclr #cdr,DO 1 (0/0/0) 4 (0/0/0) s (0/1/0) 

move.l DO,(H)+ 4 (0/0/1) 4 (0/0/1) s (0/1/1) 

br~ unify _write_ 3 6 ll 

Lnref: 6 (0) 12 (0) 16 (3) 

move.l DO,( H)+ 4 (0/0/1) 4 (0/0/1) s (0/1/1) 

write_unify_ 

cycles ref move 26+ d (i) 68+ d (4) ll3+ d (24) 

ref no move Ill+ d (2) SS+ d (2) 62+ d (13) 

nref 13+d(1) 23+ d (1) 30+ d (5) 

d time for dereference 

unify_con!ta.nt 

input: Constant C 

output. 

function unify C in write mode 

Instruction b~st cache worst 

w _unify _const~ntC: 

move. I #C,(H)+ 4 (0/0/1) 8 (0/0/1) 7 (0/1/1) 

write_unify_ 

cycles 0 (1) 8 (1) 7 (2) 

unify _cdr_X 

input: Xi 

output: 

function unify Xi With tb~ Cdr of~ list in writ~ mode 

Instruction best cache worst 

w_uoify_cdr_x: 

move.l H,Xi 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

baet #cdr,Xi 1 (0/0/0) 4 (0/0/0) s (0/1 /0) 

move.( Xi,(H)+ 4 (0/0/1) 4 (0/0/1) s {0/1/1) 

cycles Xi in register s (1) 10 (1) 13 (4) 

Xi in m~mory 8 (2) 15 (2) 20 (6) 
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unify_cdr_Y 

input: Yi 

output: 

function: unify Yi with th~ cdr of a list in writ~ mod~ 

Instruction b~t each~ 'II'Ol1!t 

"'_unify _cdrY: 

move .I H,D1 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

b!et #cdr,D1 1 (0/0/0) 4 (0/0/0) s (0/1/0) 

move.) Dl,(H)+ 4 (0/0/1) 4 (0/0/1) s (0/1/1) 

move.! D1.-4•i(E) 3 (0/0/1) s (0/0/1) 7(0/1/1) 

cycl~ 8 (2) 15 (2) 20 (6) 

'II' _unify _nil: 

move.) #cdr_nil,(H)+ 4 (0/0/1) 8 (0/0/1) 7 (0/1/1) 

cycles 4 (1) 8 (1) 7 (2) 

unify_void 

input: 

output: 

function: creat~ unnamed variabl~ on the heap 

Instruction best each~ 'II'Ol1!t 

'II' _unify _void: 

move.l H,(H)+ 4 (0/0/1) 4 (0/0/1) s (0/1/1) 

_unify _write_ 

cycle~ 4 (I) 4 (I) 5.(2) 
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A.'l. Eacape Routlna 

aca~ comparisoD 

iDpUt DO,Dl 

output: 

temps: DO, D1 

fuDcitoD · ba~ic expaD~ioD for all comparisioos 

IDstructioD bat cache wonot 

escape_cmp/2: 

~crc/crtfltt (DO, Lfail, LDref) 

LDref 4 (0) 12 (0) 16 (3) 

••itch_tacs (DO, Lfail, Lis, Lc, Lis) 4 (0) 11 (0) 25 

Lc: 

btst fii2,DO 1 (0/0/0) 4 (0/0/0) 5 (0/1/0) 

bDt Lfail 1/3 4/6 5/g 

bra _coutiuue 3 II g 

Lis: 
move.l Dl,-(PDL) 3 (0/0/1) 5 (0/0/1) 6(0/1/1) 

bn eva! 5 (0/0/1) 7 (0/0/1) 13 (0/2/1) 

move.! (PDL)+ ,D1 -4 (1/0/0) ~ (1/0/0) 7 (1/1/0) 

_coutiuue. 

dtrt/tttfltt (D1,Lfaii,Lurefl) 

LDref1: 4 10 12 

switch_tacs (D1 ,Lls1,Lfaii,Lc1 ,Lis1) 4 18 25 

Lc1: 

cmp.l D1,DO 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

bucc Lfail 1/3 4/6 s;g 

rts D {1/0/0) 10 (1/0/0) 12 (1/2/0) 

Llsl 

move. I DO,-(PDL) 3 (0/0/1) ~ (0/0/1) 6(0/1/1) 

exg DO,D1 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

brs eva! 5 (0/0/1) 7(0/0/1) 13 (0/2/J) 

cmp.l (PDL)+ ,D1 0+ 4 (1/0/0) 2+ 4 (1/0/0) 3+ 4 (1/1/0) 

bucc Lb.il 1/3 4/6 5/g 

rts g (1/0/0) 10 (1/0/0) 12 (1/2/0) 

Lfail. 

move.! pdl&se(MP), PDL 3 (1/0/0) 7 (1/0/0) g (1/1/0) 

bra _bit 3 6 g 

cycle CODSl,CODSI 31+ d 86+ d 113+ d 

StTUC,COIISt 38+ d+ e go+ d+ e 120+ d+ e 

COIISt,struct 43+ d+ e 104+ d+ e 139+ d+ e 

struct.~truct liO+ d+ e 108-+d+e 146+ d+ e 

d t1me Deeded to derefereuce 

e time Deeded to evaluate tbe expres~IODS 
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eec&pe_ie/2 (DO, D!) 

input: 00,01 

output: 

function: ev&lute DO If 01 ie reference type, usir;n it the result 

else compare it witb tbe result 

Instruction best cube worst 

eec&pe_is/2 

•ere/ere nee (DO, Lfail, Lnref) 

LDref: 4 10 12 

,.ilcla_log (DO, Lie, Lf&il, Lc, Lb) 4 18 25 

Lc: 
btst #2,00 1 (0/0/0) 4 (0/0/0) 5 (0/1/0) 

bDe Lf&il 1/3 4/6 5/G 

bra _continue 3 6 g 

Lis: 
move.l 01,-(PDL) 3 (0/0/1) 5 (0/0/1) 6 (0/1/1) 

bre ev&l 5 (0/0/1) 7 {0/0/1) 13 (0 /2/ I) 

move.l {POL)+ ,01 4 (I /0/0) 6 (1/0/0) 7 (1/1/0) 

_continue: 

tlcrc/crcncc (01, Lre£1, Lnre£1) 

Lref1: 4 14 17 

beet #cdr,DO 1 (0/0/0) 4 (0/0/0) 5 (0/1/0) 

btst #cdr,D1 1 (0/0/0) 4 (0/0/0) 5 (0/1/0) 

bne 1 1/3 4/6 s;g 

bclr #cdr,DO 1 (0/0/0) 4 (0/0/0) 5 (0/1/0) 

1: 

move.l OO,(AO) 3 (0/0/1) 4 (0/0/1) s (0/1/1) 

I roil D1,AO 4 20 28 

rts g (1/0/0) 10 (1/0/0) 12(1/2/0) 

Lnrefl 4 10 12 

cmp.l 00,01 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

bne Lf~l 1/3 4/6 s;g 

rts g (1 /0/0) 10 (I /0/0) 12 (1/2/0) 

cycles const, co nst 27+ d 68+ d 88+ d 

const,struct 34+ d+ e 72+ d+ e g5+ d+ e 

var,const 51+ d 104+ d 137+ d 

vu,struct 58+ d 108+ d+ e 1H+ d+ e 

d time to dereference 

e time to evaluate tbe ex pression 
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eacap~_iej_4 

input: XO,Xl,X2,X3 

output: If XO it refereuce, it'a bond to XI op X3 

if XO it a a umber, it't compand with Xl op X3 

otherwise, fail 

temp: AO,DO,Dl 

ruction: Thit it a local optimiution. Xl and X3 are coDitaDtl 

X2 ie tht opraud ah~oed for Jumptabl~. 

IDstruetiou beet each~ wont 

move.! Xl,DO 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

~ere/ere nee (DO,Lfail,LDref) 

LDref 4 10 12 

lu.l #l,DO 1 (0/0/0) 4 (0/0/0) 4 (0/1/0) 

au.! #4,DO 1 (0/0/0) 4 (0/0/0) 4 (0/1/0) 

move.! DO,X1 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

move.! X3,DO 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

~cre/erenct (DO,Uail,Lnrefl) 

Lnrefl· 4 10 14 

l!r.l #l,DO 1 (0/0/0) 4 (0/0/0) 4 (0/1/0) 

aer.l #4,DO 1 (0/0/0) 4 (0/0/0) 4 (0/1/0) 

move.! DO,X3 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

mov~.l X2,DO 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

tlcre/erenec (DO,Lfail,LDrefZ) 

LDref2: 4 10 12 

cmp.b #0x14,DO 0+ 0 (0/0/0) 2+ 2 (0/0/0) 3+ 3 (0/2/0) 

bit Lfail 1/3 4/6 b/0 

jmp (Tabi~.PC,Dl.w) 1+ 3 (0/0/0) 4+ 6 (0/0/0) 7+ 6 (0/2/0} 

Table: 
add. ADD! 

sub· SUB! 

mul. MULl 

div DIY! 

mod. MODI 

ADD!: 
move I Xl,Dl 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

add.! X3,Dl 0 (0/0/0} 2 (0/0/0) 3 (0/1/0) 

bra _end 3 (0/0/0) 6 (0/0/0) 0 (0/2/0} 

SUB!: 
move.l Xl.Dl 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

nb.l X3,Dl 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

bra _end 3 {0/0/0) 6 (0/0/0} 0 (0/2/0) 

l 
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~ecap~ ie/4 (coot) 

iutruct1o11 bret cacbr wont 

MULl: 

move.! Xl,Dl 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

mulew X3,Dl 2& (0/0/0) 27 (0/0/0) 28 (0/1/0) 

bra _rnd 3 (0/0/0) 6 (0/0/0) II (0/2/0) 

DIY! 
move.l Xl.Dl 0 (0/0/0) 2 (0/0/0} 3 (0/1/0) 

diVll.l X3,01 M (0/0/0) S6 (0/0/0) &6 (0/1 /0) 

&Dd.l #quotma!k,OI 0-+ 0 (0/0/0) 2+ 4 (0/0/0) 3-+ b (0/2/0} 

bra _eud 3 (0/0/0) 6 (0/0/0) II (0/2/0) 

MODI: 

move.l X1,Dl 0 (0/0/0) 2 (0/0/0} 3 (0/1/0} 

diVll.l X3,01 54 (0/0/0) S6 (0/0/0) 56 (0/1/0) 

move.! #16,00 0 (0/0/0} 6 (0/0/0) 5 (0/1/0) 

lsr.l 00,01 3 (0/0/0} 6 (0/0/0) 6 (0/1/0) 

_eud 
lei I #3,Dl 1 (0/0/0) 4 (0/0/0) 4 (0/1/0) 

or.b #2,01 0-+ 0 (0/0/0) 2-+ 2 (0/0/0) 3-+ 3 (0/2/0) 

move I XO,OO 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

dereference (OO,Lrd,Lnref) deref/b deref/ c deref Jw 

Lref 4 14 17 

beet #cdr,01 1 (0/0/0} 4 (0/0/0) 5 (0/1/0) 

btst #cdr,OO 1 (0/0/0) 4 (0/0 /0) s (0/1/0) 

bue 2 1/3 4/6 5/11 

bclr #cdr,01 1(0/0/0) 4 (0/0/0) s (0/1/0) 

2: 
move.l Dl,(AO) 3 (0/0/1) 4 (0/0/1) b (0/1/1) 

lrai/ DO,AO 4-+ t 20-+ t 28+ t 

rts II (1/0/0) 10 (1/0/0) 1:2 (1/2/0) 

Lure!: 
cmp.l DO,D1 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

bur _fail 1/3 (0/0/0) 4/6 (0/0/0) 5/11 

rts g (1/0/0) 10 (1/0/0) 12 (1/210) 

cycles des. vu 47+d+t 148+ d-+ t 186+d+t 

dee. CODSt 36+ d+ t 110+ d+ t 140+d+t 

add or sub 3 10 IS 

mul 28 35 40 

div 57 70 76 

mod 57 70 70 

d time to dereference 

t time to trail 
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tnl DO 

uapat: DO 

oat pat: DO 

~emps: POL, AO, AI, DO, Dl 

fnrtioa evaluate DO and put ~be result ia DO 

This ie a rrrunive 'ubroutiae 

lastructioa best cache worst 

eva!: 

dtrt/trrntt (DO, Lf, Lmf) 

La ref: 4 10 12 

eeilc/a_log (DO,Lf,LIO,LcO,LsO) 4 18 2.) 

LeO: 

btst f/3,00 1 (0/0/0) 4 (0/0/0) 6 (0/1/0) 

bat Lf 1/3 4/6 6/Q 

rte Q (1/0/0) 10 (1/0/0) 12 (1/2/0) 

LIO. 

ud.b Oxfc,DO 0+ 0 (0/0/0) 2+ 2 (0/0/0) 3+ 3 (0/2/0) 

movea I DO,AO 0 (0/0/0) 2 (0/0/0) 3 (0/1 /0) 

move.! (AO}+ ,DO 4 (1/0/0) 6 (1/0/0) 7 (1/1/0) 

move.! (AO),DI 3 (1/0/0) 6 (1/0/0) 7 (1/1/0) 

dtcdr (Dl,Lf,Lcar,Lf) 

Lear 
Q 12 16 

cmp.l fjlcdr_aii,D1 0+ 0 (o/0/0) 2+ 4 (0/0/0) 3+.) (0/2/0) 

beq eval 1/3 4/6 .)/Q 

Lf: 
move.! pdiBase(MP),PDL 3 (1/0/0) 7 (1/0/0) Q (1/1/0) 

bra _fail 3 (0/0/0) 6 (0/0/0) Q (0/2/0) 

LsO: 

ud.b Oxfc,DO 0+ 0 (0/0/0) 2+ 2 (0/0/0) 3+ 3 (0/2/0) 

movea.l DO,AO 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

move. I (AO)+ ,DO 4 (1/0/0) 6 (1/0/0) 7 (1/1/0) 

ud.w f!larity:!,DO 0+ 0 (0/0/0) 2+ 2 (0/0/0) 3+ 3 (0/2/0) 

bae Lf 1/3 4/6 .)/Q 

move.! (AO)+ ,·(POL) 6 (1/0/1) 7(1/0/1) Q (1/1/1) 

move. I (AO)+ ,·(POL) 6 (1/0/1) 7(1/0/1) Q (1/1/1) 

move.! (AO)+ ,DO 4 (1/0/0) 6 (1/0/0) 7(1/1/0) 

bn eva! 6 (0/0/1) 7 (0/0/1) 13 (0/2/1) 

move. I (POL}+ ,01 4 (1/0/0) 6 (1/0/0) 7 (1/1 /0) 

move .I 00,-(PDL) 3 (0/0/1) 6 (0/0/1} 6 (0/1/1) 

move. I 01,00 0 (0/0/0) 2 (0/0/0) 3 (0/1/0} 

bn eval 6 (0/0/1) 7 (0/0/1) 13 (0/2/1) 

lsr.l f/3,00 1 (0/0/0) 4 (0/0/0) 4 (0/1/0) 

movea I DO,AI 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

move.! (POL)+ ,DO 3 (1/0/0) 6 (l/0/0) 7 (1/1/0) 
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eval (cont) 

iutnction best cache wont 

lsr.l *3,DI I {0/0/0) 4 {0/0/0) 4 {0/1/0) 

move.) (POL)+ ,DI 3 (1/0/0) 6 (1/0/0) 7(1/1/0) 

move .I *16,AO 0 (0/0/0) 6 {0/0/0) & (0/1 /0) 

lsr.l AO,DI 3 (0/0/0) 6 (0/0/0) 6 (0/1/0) 

jmp (Table,PD,DI.b) I+ 3 (0/0/0) 4+ 6 (0/0/0) 7+ 6 (0/2/0) 

Table 
add: ADD 

IUb: SUB 

mul: MUL 

div: DIY 

mod MOD 

ADD 

add .I AI,DO 0 (0/0/0) 2 (0/0/0) 3 (0/1 /0) 

bra _end 3 (0/0/0) 6 (0/0/0) 0 (0/2/0) 

SUB! 
sub .I AI,DO 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

bra _end 3 (0/0/0) 6 (0/0/0) 0 (0/2/0) 

MULl. 
mub.w A1,DO 25 (0/0/0) 27 (0/0/0) 28 (0/1/0) 

bra _end 3 (0/0/0) 6 (0/0/0) 0 (0/2/0) 

DIY! 

din.l Al,DO 54 (0/0/0) &6 (0/0/0) &6 (0/1/0) 

and .I #quotmask ,DO 0+ 0 (0/0/0) 2+ 4 (0/0/0) 3+ 5 (0/2/0) 

bra _end 3 (0/0/0) 6 (0/0/0) 0 (0/2/0) 

MODI. 
din.l Al,DO 51 (0/0/0) &6 (0/0/0) 56 (0/1/0) 

move.) #16,01 0 (0/0/0) 6 (0/0/0) 5 (0/1 /0) 

lsr.l DI,DO 3 (0/0/0) 6 (0/0/0) 6 (0/1/0) 

_end 
lsl.l #3,00 1 (0/0/0) 4 (0/0/0) 1 (0/1 /0) 

or.b #2,00 0+ 0 (0/0/0) 2+ 2 (0/0/0) 3+ 3 (0/2/0) 

rts 0(1/0/0) 10 (1/0/0) 12 (1/2/0) 

cycles COn!t 10+ d 16+ d 50+ d 

list 27+c+d+e 70+c+d+e 03+ c+ d+ e 

struc 71+ d+ e !57+ d+ e 202+ d+ e 

add, sub -3 8 12 

mul 28 33 37 

div 57 68 73 

mod 57 68 67 

c time to decdr for lists 

d time to dereference 

t time to trail 
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add, tab, mal 

i11pat: XI, X2 - i11pat artamut 

X3 - ftiUlt 

011tpat: 

fuctio11: XI aDd X2 cu o11ly ~ iDte,en, aDd X3 may ~a 

variablt or aD i11te~er 

IDstract1oD best cache wont 

add 
~creference (XI,_h.ii,LDref) 

Luef: 6 (0) 12 (0) I6 (3) 

teat_i11teger (XI~fail) 1/3 16/11 23/27 

~tre/ertflct (X2~faii,LDrtU) 

Luefi: 6 (0) 12 (0) 16 (3) 

teat _ill teg er (X2,_f.ail) 1/3 16/18 23/27 

move! Xl,I>O 0 (0/0/0) 2 (0/0/0) 3 (0/I/0) 

move.! X2,DI 0 (0 /0/0) 2 (0/0/0) 3 (0/1/0) 

lsU #I,DO 1 (0/0/0) .. (0/0/0) 4 (0/1/0) 

lsi.! #I.DI 1 (0/0/0) 4 (0/0/0) 4 (0/1/0) 

asr.l #4,00 1 (0/0/0) 4 (0/0/0) 4 (0/I/0) 

asr.l #4,DI 1 (0/0/0) 4 (0/0/0) 4 (0/I/0) 

add.! 01,00 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

Is II #3.00 1 (0 /0/0) 4 (0/0/0) 4 (0/I/0) 

or.b #:!,DO 0 (0/0/0) .. (0/0/0) 6 (0/2/0) 

move.l X3,Dl 0 (0/0/0) 2 (0/0/0) 3 (0/I/0) 

move.! PDL,pdlBm(MP) 3 (0/0/I) s (0/0/1) 7 (0/1/1) 

bn unify! s (0/0/I) 7 (0/0/1) 13 (0/2/1) 

_continue 

cycles add 30-t d-t u-6 (2) 100-t d-t u-12 (2) I36-t d-t a-I6 (36) 

tub 30-+ d+ u-6 (2) 100-+ d+ u-12 (2) 136-t d+ u-16 (36) 

mul.w 55+ d+ a-6 (2) 125-t d+ u-12 (2) 161-t d+ u-16 (36) 

d t1me to derefere11ce 

u time to unify 
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div, mod 

iDput: X1, X2- iDput &rr;umnt 

X3- renlt 

output: 
(uDctioD: X1 ud X2 cu oDly be iDt~gel'!l, ud X3 m&y be & 

vuia.ble or &n integer 

IDstruction best c&ebe worst 

div. 

~ere/ere nee (X1 ,_fa.ii,Lare() 

Lnref: 6 {0) 12 (0) 16 (3) 

test_iDteger (X1,J&il) 1/3 16/18 23/27 

~ere/erence (X2,Ja.ii,LnreU) 

Lnrefl: 6 (0) 12 (0) 16 (3) 

test_integer (X2,_h.il) 1/3 16/18 23/27 

mon.l X1,DO 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

mon.l X2,D1 0 {0/0/0) 2 (0/0/0) 3 (0/1/0) 

Is II #1,DO 1 (0/0/0) 4 (0/0/0) 1 (0/1/0) 

leU #l,DI I (0/0/0) 1 (0/0/0) 4 (0/1/0) 

ur.l #4,DO I (0/0/0) 4 (0/0/0) 1 (0/1/0) 

&rU #4.D1 I {0/0/0) 1 (0/0/0) 4 (0/1/0) 

div.w D1,DO 51 (0/0/0) 56 (0/0/0) 56 {0/1/0) 

ewa.p DO 1 (0/0/0) 1 (0/0/0) 1 (0/1/0) 

clr.w DO 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

IW&p DO I {0/0/0) 4 (0/0/0) 1 (0/1/0) 

ext.w Do 1 (0/0/0) 4 (0/0/0) 1 (0/1/0) 

lal.l #3,DO I {0/0/0) 1 (0/0/0) 4 (0/1/0) 

bcrl #cdr, DO 1 (0/0/0) 1 (0/0/0) 5 (0/1/0) 

or.b #Ox2,DO 0 (0/0/0) 4 (0/0/0) 6 (0/2/0) 

move.l X3,Dl 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

move.l PDL ,pdlBm(MP) 3 (0/0/1) s (0/0/1) 7 (0/1/1) 

bn uify1 s (0/0/1) 7 (0/0/1) 13 (0/2/1) 

_continue 

cycles div 80+ d+ u-6 (2) 176+ d+ u-12 (2) 213+ d+ u-16 (41) 

mod 88+ d+ u-6 (2) 172+ d+ u-12 (2) 200+ d+ u-16 (40) , 

d time to dereference 

u time to unify 



Compiltr Optimind Compari1ou 

Input· Xl, X2 - both en oaly bt iatectn or ~ere/ercraud to iattcen 

oat put: 

fllDctioa: Teat to Itt ii tht coaditioa bold, pro~ed or 

fail accord1Dgly 

hutructio11 btst cacbt wont 

comp 
~ere/trence (Xl ,_fail,L.mf) 

Lue!: 
6 (0) 12 (0) 16 (3) 

ttlt_integtr (Xl,Jail) 1/3 16/18 2S/27 

~ere/crence (X2,_fail,L.uefl) 

Lare/1: 6 (0) 12 (0) 16 (3) 

teat_iateger (X2,Jail) 1/3 16/18 23/27 

move. I Xl,OO 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

movtl X2,01 0 (0/0/0) 2 (0/0/0) s (0/1/0) 

Is II #1,00 1 (0/0/0) 4 (0/0/0) 4 (0/1/0) 

lel.l #1.01 1 (0/0/0) 4 (0/0/0) 4 (0/1/0) 

cmp.l OO,DI 0 (0/0/0) 2 (0/0/0) 3 (0/1/0) 

b!lcc _fall 1/3 4/6 5/0 

cycles trut 17 (0) 76 (0) 05 (24) 

falst 10 (0) 78 (0) 00 (25) 

.L 
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Appendix B. Benchmark Reeult.. 

Table 1. Cyele Count Ratto (MC88020 va. VLSJ-PLM) 

proE D&m~ plm 680 20 (beet ) 68020 (c&ch) 68020 (wont) 

cb&t (Mulder/Tick) 1.0 t 2.43 5.71 7.71 

ncb (Mulder/Tick) 1.0 2.14 5.00 6.42 

boyer (Mulder/Tick) 1.0 1.86 4 43 5.71 

chat (P&tt/Cben) • 1.0 U3 6.67 8.33 

boy~r (P<~.tt/Cbn) • 1.0 2.3Q 5.22 6.82 

browse 1.0 3.00 6.23 8.55 

COD1 1.0 2.71 6 Q4 g 16 

con6 1.0 3.60 7 Ql 10.35 

differen 1 0 2.68 6.11 8.05 

buoi 1.0 2 7Q 5.70 7.50 

mum&tb 1.0 3.13 6.75 8.74 

Drev1 1.0 2.71 7 01 Q.38 

p&lin 1.0 3.09 7.23 g 40 

pri2 10 t 2 2Q 3 03 3 49 

q~4 10 2.3~ 5 09 6.73 

queen~ 1 0 3 30 6 gg g 10 

query 10 t 1.20 2 01 3 05 

t T1min1 iL! reported in \1\ is actually for their plmt 

model, which had & fi..x~d su~ choice point fr&me &nd & single 

cycle memory 

• Cycle count ratios for cb&t &nd boyer &re not compar&ble to those 

obtained 1n \1\ since their numben are for the1r plm model while 

ours are for the most up-to-date ven&oD of the VLSI-PLM 

t The cycle counts for the PLM ar~ calcul&ted with the &Ssumpt&on tb&t 

&n 1nterually coupled MC68020 is used to ~v&luate the ucop!l Therefore, 

cycle count is different for uch of the three c&Ses, depending on bow the 

MC68020 ev&lutes the ~scapes, i e., whether best, cache, or wont Ca!!e 

applies 
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Table 2. Relative Performance of ProJected MC68020a va. 10 MHs VLSI-PLM * 

Program PLM MC68020 

10 MHI 10 MHI 16 7 MHs 2& MHs 30 MHI 40 Mhs 

COD1 (i>tst) 037 0.62 0.03 1.1 1.24 

co111 (each~) 1.0 0.14 0.24 0.36 0 43 0.57 

co111 (wont) 0.11 0.18 0.27 0.33 0.44 

COD6 {b~st) 0.20 0.48 0.72 0.87 1.16 

co116 (ca.che) 1.0 0.13 0.22 0.33 0.30 0.52 

COII6 (Wont) 0.10 0.17 0.25 0.30 0.40 

dill' mil (best) 0.37 0.61 0.02 1.10 1.47 

dill'trtD (cacht) 1.0 0.16 0.27 0 40 0.48 0.64 

dill'm11 (wont) 0.12 0.20 0.30 0.37 0.40 

huoi (btst) 0.35 0.50 0.80 1.06 141 

huoi (cache) 1.0 0.17 0 20 043 0.52 0.60 

huoi (wont) 0.13 0.22 0 33 0.30 052 

mumath (b~~t) 0.32 0.53 0.80 0.06 1.28 

mamath (cacht) 1.0 0.15 0.25 0.37 044 o 50 

mumath (wont) 0.11 0.10 0.20 0.34 0.45 

IITrY) (btst) 0.37 0 62 o oz 111 148 

IITtvl (cacbt) 1.0 0.14 0.24 0 36 0 43 0.57 

!ITrVI (worst) 0.11 0.18 0.27 0.32 0.43 

pah11 (be~t) 0.34 0 57 0.85 102 1 3& 

pah11 (cacb~) 1.0 0.15 0 24 0 36 0.44 o.so 

pah11 (wont) 0.11 0 10 0 28 0.34 0 45 

i 
pri2 (btst) 0.44 0.60 0 81 0 0~ 1 17 I 
pri:! (cacht) 1 0 t 0.33 0 41 0 52 0 SB 0.71 I 

pn2 (•ol"!t) 0.20 0 35 044 0 40 050 

qS4 (best) 0.43 0.72 1 07 120 1.72 

q!4 (cacbt) 1 0 0.20 0 33 0 40 O.SO 0 70 

qs4 (-.ont) 0.15 0.25 0 37 0 45 0.50 

qu~tD~ {best) 0.31 0.51 0 77 0 oz 1.23 

quttDs (cache) 1 0 0.15 0.24 0 36 044 0.50 

quteDS (1fOJ"!l) 0.11 0 10 0.28 0 33 044 

quuy ( btst) 0.&0 0.80 1 27 1 40 104 

query (cacbt) I 0 t 0.30 0 43 0.50 0 68 0 87 

qu~~· (wor~tJ 0.24 0 34 0 46 0 54 0 60 

t Th~ PLM timiD! for the escap~s are calculattd UDdtr tht &llsumptaoo 

of all illteDally coupled MC68020 ruiiDiDg at tht correspoodiog clock ratt 

~ Relative performance is computed as the ratio of simulated VLSI-PLM execution time divided by 

the projected execution time or the processor indicated in that column. 
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Table 3. Relative Performanee of ProJeeted MC&80ZO• va. 16.7 MH& VLSI-PLM f 

Progr&m PLM MC68020 

16 7 MHI 16 7 MHI 25 MHI 30 MHI 40 MHr 

con1 (best) 0.37 0.56 0.67 0.81l 

con1 (c&che) 1.0 0.14 0.22 0.26 0.35 

con1 (wont) 0.11 0.16 0.20 0.27 

con6 (best) 0.21l 0.43 0.52 0.61l 

con6 (c&che) 1.0 0.13 0.20 0.24 0.32 

con6 (wont) 0.10 0.15 0.18 0.2·! 

di!eren (best) 0.37 0.55 0.66 0.88 

di!eren ( c&che) 1.0 0.16 0.24 0.28 0.37 

di!eren (wont) 0.12 0 18 0.22 0.21l 

hnoi (be~t) 0.35 0.53 0.64 0.85 

hnoi (c&che) 1.0 0.17 0 26 0.31 0.41 

hnoi (wont) 0.13 0 20 0.24 0.32 

muma.th (be~t) 0 32 0.48 0.57 0.76 

mumath (c&che) 1 0 0.15 0.22 0.27 0.36 

mum&th (wont) 0.11 017 0.21 0.28 

nrev1 (be~t) 0.37 0 55 0.66 0.88 

nrev1 (c&che) 1.0 0.14 0.21 0.26 0.35 

nrev1 (wor!t) 0.11 0 16 0.10 0.25 

p&lin (best) 0.34 0 51 0 61 0 81 

p&hn (c&che) 1.0 0.15 0 "" 0.26 0.35 

p&hn (wor~t) 0.11 0 17 0.20 0.~7 

pri2 (best) 044 0.56 0.63 0 78 

pri2 (c&che) 1.0 t 0 33 0 31l 0.43 0.51 

pn2 (wor~t) o.2g 0.34 0.37 043 

qs4 (best) 0.43 0.64 0 77 1.03 

-
qs4 (cache) 1.0 0 20 o zg 0.35 0 47 

qs4 (wont) 0 15 0 "" 027 0.36 

queens (best) 0 31 0 46 0.55 0 73 

queens ( c&ehe) 1 0 0 15 0 "" 0 26 0.35 

queen~ (worst) 0.11 0 17 0.20 0.27 

query (best) 051l 0 82 O.ll5 1.22 

query (cache) 1 0 t 0.30 0 31l 0.45 0.57 

query lwont) 0 24 0 31 0 35 0 45 

t The PLM tim1ng 11 alcul&ted by L!!Um1ng n interully coupled MC68020 

running &t the corresponding clock r&te. 

~ Relative performance is computed as the ratio or simulated VLSI-PLM execution time divided by 

the projected execution time or the processor indicated in that column. 
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Table 4. Calculated v.. Real Crcle• for MC&8020 

Calculated Real Timt on Tower on SUN 1/2&0 

Progra.m &st Cache Worst Macro ExpiUld Quintus Macro Expand 

eon1 &OJ 1280 1700 1670 111&0 1480 

con II 1030 11100 U40 811110 1400 11020 

hanoi 1311000 -naooo 181000 IGIIOOO 187000 assooo 

nrev1 67100 148000 1118000 111&000 141000 181000 

qs4 113000 26&000 &38000 167000 J-44000 l()g()()O 

qu~ns 100000 223000 280000 327000 232000 288000 

RP"marh: 

Benchmark progruns run on the Tower/32 sull'er at lust one wait 

state ror each data access. On the other band, the progruns run 

on the SUN 3/2&0 caD approach the ideal MC88020 speed ir every aceftS 

results in a cache bit. 

There are optimizations in the Quintus system, u demonstrated by the 

results ror nrev1 and queens. 
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Table &. Code Sl&e Comparl110n 

Pro cram MCS8020 Sile PLM Sile SUN/PLM SUN/PLM t 

coni 2388 74 12.3 4.7 

con II 2388 711 10.2 4.7 

b&noi 2100 120 17.7 3.8 

nrevl 311118 2811 13.7 5.3 

qs4 51108 451 IU 8.7 

queens 11020 615 17.5 11.11 

eb&t * 343130 218111 15.11 15.11 

boyer * 271840 7115 111.8 33.8 

t The PLM procram sile URd in this column includes a run time support 

library of 4211 byW. 

*The size for the MCS8020 is bued on estimation (with less 

than 2% or error). 


